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TECHNICAL NOTE 3325 

SIMILAE SOLUTIONS FOE TEE COMPEESSIBLE LAMINAE BOUNDAEY LAYEE 
VTETH HEAT TEANSFEE AND PEESSUEE GEADIENT 
By Clarence B. Cohen and Eli Eeshotko 


SUMMAEY 

Stewartson's transformation is applied to the laminar compressible 
boundary- layer equations and the requirement of similarity is introduced^ 
resulting in a set of ordinary nonlinear differential equations pre- 
viously quoted by Stewartson^ but unsolved. The requirements of the 
system are: Prandtl number of 1.0, linear viscosity-temperature rela- 

tion across the boundary layer, an isothermal surface, and' the particular 
distributions of free-stream velocity consistent with similar solutions. 
This system admits axial pressure gradients of arbitrary magnitude, heat 
flux nonnal to the surface, and arbitrary Mach numbers. 

The system of differential equations is transformed to an integral 
system, with the velocity ratio as the Independent variable. For this 
system, solutions are found for pressure gradients varying from that 
causing separation to the infinitely favorable gradient and for wall 
temperatures from absolute zero to twice the free-stream stagnation tem- 
perature. Some solutions for separated flows are also presented. 

For favorable pressure gradients, the solutions are unique. For 
adverse pressure gradients, where the solutions are not unique, two 
solutions of the infinite family of possible solutions are identified as 
essentially viscid at the outer edge of the boundary layer and the re- 
mainder essentially invlscid. For the case of favorable pressure gradients 
with heated walls, the velocity within a portion of the boundary layer Is 
shown to exceed the local external velocity. The variation of a Beynolds 
analogy parameter, which indicates the ratio of skin friction to heat 
transfer, is from zero to 7.4 for a surface of temperature twice the 
free-stream stagnation temperature, and from zero to 2.8 for a surface 
held at absolute zero where the value 2 applies to a flat plate. 
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INTRODUCTION^ 

Factors that affect the development of laminar boundary layers are 
pressure gradient, Mach number, and heat transfer, plus the properties 
of the fluid under consideration. Since mathematical compleiities pre- 
clude solutions of this problem in a completely general fashion, the 
literature consists largely of solutions treating particular combinations 
of these factors. For the flow of an ideal gas over a surface without 
pressure gradient, the remaining factors have been taken into account 
very completely by Crocco (ref. 2) and Chapman and Rubesin (ref. 3). For 
small pressure gradients. Low (ref. 4) has, by a perturbation analysis, 
treated the general problem of the isothermal surface. With the intro- ' 
ductlon of pressure gradients of arbitrary magnitude, other restrictions 
become necesaeiry. The assumption of constant fluid properties (density, 
viscosity, etc.), for example, leads to the greatest simplification - 
the separation of the momentum and energy equations. With this assumption, 
for a special case of a decelerating stream, Howarth (ref. 5) has obtained 
a series solution to the momentum equation. The introduction of a simi- 
larity concept (that the velocity or temperature profiles may always be ' 
expressed in terms of a single parameter) leads to a power- law free- stream 
velocity distribution. The momentum equation of this problem was first 
solved by Falkner and Skan (ref. 6), whose calculations were then im- 
proved by Hartree (ref. 7); the energy equation was later treated by 
Eckert (ref. 8) and others (refs. 9 and 10). For the same problem the 
restriction of consteuit fluid properties may be removed by alternatively 
requiring that the Mach number be essentially zero (ref. 11) or that the 
Mach number and the heat transfer be limited to small values (ref. 12). 

Illingworth (ref. 13) and Stewartson (ref. 14) have demonstrated 
that, for an insulated surface in a fluid with a Prandtl number of 1.0, 
any compressible boundary- layer problem may be transformed to a corre- 
sponding problem in an incompressible fluid; the earlier solutions thus 
become applicable to certain compressible problems. For the Case of 
heat flux across the surface, the transformation of Stewartson (ref. 14) 
with the concept of similarity introduced leads to a set of nonlinear 
ordinary differential equations previously quoted (ref. 14), but unsolved. 
Solutions to this set of equations, which are presented herein. 


The principal developments of this paper, which is part of the Doc- 
toral Dissertation of the senior author (ref. l), were carried out under 
the stimulus eind guidance of Professor Luigi Crocco and the sponsorship 
of the Daniel and Florence Guggenheim Foundation. The final analysis 
and the computations were completed at the NACA Lewis laboratory during 
the Spring of 1954. 
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are applicable to flows at arbitrary Macb number, pressure gradients of 
arbitrary magnitude (but of a form consistent wltb the requirements of 
similarity), and arbitrary but constant wall temperature. 

Since free-stream velocity distributions of the form required by 
similarity are not generally encountered In practice, the utility of 
these solutions Is principally as follows: (l) the effects of pressure 

gradient, wall temperature, and Mach number may be viewed qualitatively; 
(2) the results may be used as a check on any approximate method (such 
as a Karm^-Pohlhausen method) for reliability; (3) the flow to be solved 
may be divided Intuitively Into segments and the solution for each 
segment may be matched by some arbitrary technique; or (4) the results 
may be used to construct a new simple method (of the Integral type) for 
the calculation of the laminar compressible boundary layer with heat 
transfer. This latter analysis has been carried out, utilizing the 
solutions herein given, and Is presented In reference 1. 


STEWARTSON'S EQUATIONS 
Boundary-Layer Equations 

The equations of the steady two-dimensional compressible laminar 
boundary layer for perfect fluids are : 

Continuity: 

(Pu) + ^ (Pv) = 0 (1) 

Momentum :■ 



2 

Since this writing, further calculations, which are closely re- 
lated to the present Investigation, have been published by Levy (ref. 

15). Solutions to the equations treated herein were obtained In that 
report. The present Investigation Includes ranges of variables not 
treated In ref. 15: for example, favorable pressure gradients applicable 

to supersonic nozzles and values of adverse pressure gradients Including 
that causing separation. For adverse pressure gradients, the problems of 
uniqueness and multiple solutions are also considered In some detail. 

The solutions of ref. 15 were obtained by means of a differential analyzer, 
whereas the present solutions were obtained by digital calcula.tlon and 
are presented In tabular form. 
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Energy: 


pu ^ + pv 


All symbols are defined 


In appendix A. 



The viscosity law to be assumed Is 


ii. = 
^^0 



(3) 


(4) 


Eq^uatlon (4) Is of the form taken by Chapman and Eubesln (ref. 3), ex- 
cept that the reference conditions (pQ,tQ) are free-stream stagnation 
values, since In the presence of pressure gradient the local "external" 
values are not constant along the outer edge of the boundary layer. The 
constant X Is used to match the viscosity with the Sutherland value 
at a desired station. If this station Is taken to be the surface, 
assumed to be at constant temperature, the result Is 



where kg^ = Sutherland's constant (for air, kg^^^ = 216° R) . The vis- 
cosity law of eq.uatlons (4) and (5) was demonstrated to be adequate for 
a flat plate (ref. 3) by comparison with the more exact calculations of 
reference 2. In the present case no such comparison Is available. 


Stewartson's Transformation 


A slight modification of Stewartson's transformation may be 
written 

dX = X — — dx 
^■0 ^0 

P 


dY = f- -§■ dy 
PQ 

U= ty 


( 6 ) 
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where the stream function is defined hy 


fj - 


Pu 

PQ 



PT 

PQ 


The transformed quantities are now represented by upper-case letters 
(X,Y,U,T)^ and the subscript e refers to local conditions at the outer 
edge of the boundary layer (external) . The subscript 0 refers to 
free-streeim stagnation values. From the preceding transformation, a 
useful relation between the transformed and physical velocities is 


If equations (4) and (6) are applied to the boundary- layer equations 
(l), (2), and (3), and if Pr and Cp are taken to be constant (but 
it is not yet required that Pr = 1), there result 


Uj + Vy = 0 


UXJ^ + VUy — TT0U0 (l + S) + 


^vy 1 - Pt» 

nsx + TSy = 



where the enthalpy function S is defined for convenience as 

S = - 1 

^0 


and ha is the local stagnation enthalpy. 


(V) 

(8) 

( 9 ) 


( 10 ) 
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The boundary conditions applicable to the system (7) to (9) 

are : 


U(X,0) = 0 
Y(X,0) = 0 


S(X,0) = 



lim S = 0 
Y-+® 


lim U = Uq(X) 
Y~y*> 





( 11 ) 


The solution S = 0 and the resultant continuity and momentum equations 
(7) and (8) make up the extremely useful correlation developed by 
Stewartson between compressible and incompressible boundary layers on 
insulated surfaces with Pr = 1. Another special case is that of 

satisfies 

equation (9); this is Crocco's integral of the energy equation for the 
flat plate (ref. 2). 


Ugy = 0. Then, if Pr = 1, the relation S = 


Similarity Eequlrements 

V/hen a pressure gradient exists and the surface is not insulated, 
it is necessary to find a means of solving the system (7) to (9) subject 
to the boundary conditions (ll). To this end, the question will be 
asked; Under what conditions can this system be reduced to a system of 
ordinary differential equations by the assumption that the boundary- 
layer profiles are functions of a similarity variable q and that the 
wall temperature is constant? This question may be resolved by inserting 
the following assumed relations into the system (7) to (9) and observing 
the conditions required for obtaining ordinary differential equations: 

t f(q)^ 

Y = BX%|q 
S = S(q) 

where A,B,a,b,p, and q are undetermined constants. This procedure 
has been carried out by Li eind Ragamatsu (ref. 16) for Pr = 1. In 
that einalysis it was concluded that four classes of similar solutions 




( 12 ) 
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are possible. It baa been pointed out (ref. 17) that three of these 
four classes can be reduced identically to the case req.uiring that 

Ue = CX“ (13) 


while the remaining case requires that 

Ug = expjcgxj 

When equations (12) are used in the form 



(14) 


(15) 


the system of ordinary differential equations corresponding to the 
power-law velocity distribution of equation (13) may be written 


S" + PrfS' = (1 - Pr) 


+ ff" = p(f '2 - 1 - S) 

(7 - 1)m| 


1 


(f,f„. ^ f« 


The pres sure -grad lent parameter P is defined as P = 


m 


velocity ratio is U/tTg = u/ug = f' , where primes denote 
with respect to tj. 





SS_, and the 
+ l" 

d if f er ent iat 1 on 


The boundary conditions are: 

f(0) = f'(0) = 


S(0) = 


lim f = 1 > 

T]-^ 


lim S = 0 

T]-»® 


V 


(17) 


Since Mg may, in general, be a function of x, the right member of 
the energy equation is not yet dimensionally consistent with the left 
member for arbitrary Mg and Pr. 
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It was sh-own in reference 17 that^ for the exponential case 
(eq. (14)) with C 2 > 0, the system (7) to (9) can he reduced to the 
ordinary differential equations (16), hut with P = 2. For 63 <0, the 
f term in equations (16) is replaced hy -f". In this case, with 
S = 0, it can he shown that, because of the sign of the f term, no 
solution is possible in which the velocity ratio approaches its boundary 
condition smoothly. A question is thus raised as to the validity of 
any possible solution for 63 < 0 regardless of the value of S. For 
the remainder of this paper this class will be omitted from 
consideration. 


Corresponding analyses for incompressible flow, including condi- 
tions for similarity and the case of the exponential free-stream veloc- 
ity, have been made by Mangier (ref. 18) and Gtoldstein (ref. 19), 
respectively. As previously mentioned, the rl^t member of the energy 
equation (16) must be zero or a function of q to be consistent with 
the left member. This may be achieved in the following ways: (l) the 

external Mach number may be a constant other than zero, (2) the external 
Mach number may be zero, (3) the Prandtl number may equal 1, (4) the 
■" (7 - 1)M| 1 

2 corresponding to hypersonic flow, or (5) 


factor 


1 + 2 ^ M^ 


2 ““ej 

the ratio of specific heats 


7 may equal 1. 


The case of constant external Mach number is the flat-plate problem 
(P = 0 ) and, the solution to the momentum equation being known, the 
energy could be integrated directly. The flat-plate problem has already 
been solved with great accuracy and completeness by Crocoo (ref. 2). 

If the pressure gradient is small enough, it may be reasonable to con- 
sider Mg constant in the energy equation in spite of the gradient, 
but to retain the pressure-gradient parameter in the momentum equation. 
However, this problem is treated more completely by the analysis of 
reference 4 . 


The case Mg * 0 (with aj'bltrary p) produces the equations of 
Levy and Seban (ref. 20). In that analysis approximate solutions were 
obtained by the assumption of simple forms for the velocity and tempera- 
ture profiles which contained undetermined coefficients. These coeffi- 
cients were then evaluated by use of the boundary conditions. Because 
the actual profiles cannot' be simply represented, this method is not 
reliable in some ranges even if the Mach number is nearly zero. Brown 
and Donoughe (ref. ll) also considered the low Mach number problem with 
variable fluid properties and Pr^ =0.7. The system of equations 
encountered in that analysis is much more complicated than the present 
system because of the power-law viscosity, conductivity, and specific- 
heat relations used. These refinements do not alter the effects of 
omitting the viscous-dissipation and compressive-work terms, which may 
be significant at higher Mach numbers. 



MCA TN 3325 


9 


The case of hypersonic flow requires the introduction of the effects 
of displacement thickness upon pressure gradient, such as have been 
evaluated by Lees and Probstein (ref. 21), for example. This case will 
not be treated herein. 

The possibility of assuming 7 = .1 does not simplify the equations 
beyond the assumption of Mach number zero. For most gases, the assump- 
tion of 7=1 is physically unreasonable. Therefore, this case does 
not appear to warrant further consideration. 

If strong pressure gradients and reasonably high Mach numbers are 
to be considered, it thus appears desirable to restrict the similarity 
system to Pr = 1, with the result that 

f Ml ^ ^ p(f,2 _ 1 _ s) (18a) 

S" + fS' =0 (18b) 

with the boundary conditions (17). Equations (18) were derived by 
Stewartson by assigning similarity relations corresponding to (15) to 
the system (7) to (9) with Pr = 1; however, no solution was indicated. 

The comparison between assuming that Me = 0 (case (2)) or that 
Pr = 1 (case (3)) may perhaps be indicated by examination of the 
solutions to the insulated flat-plate problem, which Include effects 
of both Prandtl number and Mach number (ref. 2). If Mq = 0, the 
viscous-dissipation and compressive-work terms are omitted in equation 
(3). Then the predicted temperature profile is a constant, rather than 
the correct variation from free-stream static to recovery temperature 
at the wall. However, if Pr = 1 is assumed, a constant stagnation 
temperature is predicted, rather than the actual slight variation in this 
quantity. The latter discrepancy is small compared with the former. 


METHOD OF SOLDTIOH 

Equations (18) with boundary conditions (17) comprise the system 
to be solved for the dependent variables f(q) and S(t)). Because of 
the nonlinearity of the system, its high order (fifth), and its classi- 
fication as a "two-point boundary-value problem," no standard integration 
methods will yield results expressible in closed form. Methods appli- 
cable to equations of this type may be classified as either (l) forward 
integrations or (2) Integrations by methods of successive approximations. 

By "forward integration" is meant the progressive integration of 
the equations from one (initial) boundary to the other. For this 
purpose several sets of initial values of the derivatives are assumed. 
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Then the final boundary Talues obtained are compared with those speci- 
fied and, after interpolation of the initial. values, this trial-and- 
error process is repeated until the final boundary conditions are satis- 
fied. The integrations may be carried out by the use of either an 
analog computer (mechanical or electrical) giving continuous Integrals 
or by digital computations involving finite-difference integration. 
Although generally applicable, a disadvantage associated with forward 
integration of nonlinear equations is the lack of any Inherent conver- 
gence mechanism. Thus, the approach to the correct initial values 
depends almost entirely on the intuition and experience of the one 
performing the calculations. This method is particularly troublesome 
for a problem with more than one dependent ' variab le since evidence for 
the fitness of a given Initial value may be obscured by a poor selection 
of the corresponding Initial value of another dependent variable. 
Furthermore, when an analog computer is employed the accuracy is general- 
ly limited, particularly for nonlinear equations where in certain regions 
the results tend to be highly sensitive to the chosen initial values. 

If digital computation is utilized to obtain a desired degree of accuracy, 
the procedure may become excessively tedious. 

Successive approximation methods generally assume an entire 
function for the dependent variables (satisfying as many of the boundary 
conditions as possible) rather than only the initial derivatives. Then, 
by use of the differential equations, a procedure is developed for 
estimating the error as a function of the Independent variab le(s). This 
error is applied to the original choice and the process is repeated 
until satisfactory convergence occurs. An example of a method of 
successive approximation is Picard's method. 

A difficulty shared by both these methods arises when the range of 
Integration 1s infinite. Then it 1s necessary to decide upon a finite 
value of the independent variable at which the boundary conditions may 
be approximately satisfied and the degree to which they may be satisfied. 
This suggests the desirability of changing to an independent variable 
so that only a finite range of integration is required. In the present 
problem this change of variables can be achieved by following a method 
used by Crocco for the solution of the compressible flat-plate boundary 
layer (ref. 2). The concept is advanced that the velocity is a more 
suitable Independent variable since it is bounded. This concept leads 
to a set of equations conveniently handled by a method of successive 
approximations . 


Transformation to Velocity Plane 


To accomplish the transformation to the velocity ratio f as the 
independent variable, the following identity may be used: 


-1= i:.- J_ 
dq "■ df ' 


( 19 ) 
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TMs Identity may "be applied to f” and f as follows: 



where the dummy yariahle of integration is and f"(4) represents 
the functional relationship between f” and f', that is, f"(f). 

The primes continue to denote differentiation with respect to t]. 

Inserting equations (20) into the momentum equation (18a) results 
in 



which satisfies the following condition at f ' = 0 required hy the 
momentum equation: 

f^" = - 3(1 + S^) (22) 

Now, if equation (2l) is integrated once with respect to f and if 
the limits of Integration are chosen so that (f")f' = 0, the result 
is 



By Inverting the order of integration (or hy integrating by parts) 
the double Integral may be reduced to two single integrals, resulting 
in: 



(24) 


Equation (24) is the form of the momentum equation as it will be used 
in this report- The subscript J is the iteration number in the 
method of successive approximations. 

A corresponding form of the energy equation is obtained by, writing 
equation (18b) as 


S' 


= - f 
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and integrating with respect to t], to get 

IxL S' = - f dT) + constant 
Equation (18a) may be written 

,2 


(25) 




= - + p 

f" 


(f 2 - 1 - S) 

( f.,)2 


df ' 


Substitution of this' expression into equation (25) results in . 


In S' 




- 1 - s(g) 

[f"(g) 


dg 


+ constant 


or the equivalent expression 


S' = - C3f"J(f') 


(26) 


where 

J(g) = exp 

/ - 1 - S(g^) 

-p / -1 ^ d?3^ 



L Jo ] 


If this expression is integrated once again and the boundary con- 
ditions S(0) _^ = 0 are required, the result is 



Inspection of equations (24) and (27) indicates that the integrals 
to be evaluated are singular, or indeterminate, at- the upper limit. To 
evaluate these integrals, closed-form expressions must be obtained for. 
the integrands in this range. This requires knowledge of the solution 
of the system (18) for large q (near f = l) . This "asymptotic solu- 
tion" and its development are given in appendix B. The results show 
that equation (24) can be used in its present form, but that equation 
(27) must be modified to 



eJj(l-e) + 


ejj(l-e) + 





Jj(g)dg 


( 28 ) 
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where e is an arbitrary small q.uantity (e « 1). In this form the 
singularity has been removed. Eq.uatlons (24) and (28) comprise the 
system used In the present Investigation. The convergence of this sys- 
tem Is discussed In appendix C, and the method of calculation In appen- 
dix D. 


peoperths of soldtions 

In the following sections the solutions obtained In this study are 
presented and their prope3;i;les are discussed. The two parameters de- 
fining a case are and 8. The enthalpy function evaluated at the 

wall determines the wall temperature through the relation 

t^ = tod + S^) (29) 

Thus, = -1 corresponds to a wall temperature of absolute zero, 
and = 1 corresponds to a wall at twice the free-stream stagnation 
temperature. The case = 0 corresponds to a wall at the free-stream 
stagnation temperature, which for Pr = 1 Is the case of an Insulated 
surface . 

The pres sure -grad lent parameter 8 Is related to the exponent m 
of the velocity distribution In the transformed plane Uq = CX™ through 
the relation 


For a velocity distribution of this form, m can be represented as 

It Is apparent that p < 0 (m < O) corresponds to an unfavorable 
gradient; 8=0 (m = 0) corresponds to flat-plate flow; and 8=2 
(m = ®) corresponds to an Infinitely favorable pressure gradient. 
Stewartson (ref. 14) has shown that 8=1 (m = l) corresponds to flow 
In the immediate vicinity of a stagnation point for two-dimensional flow, 
as In the Incompressible case. It can be shown that the case of a stag- 
nation point In axlsymmetrlc flow can be transformed to the solution 
for 8=1/2 (ref. 22). An approximate method for relating 8 to more 
general physical flows Is given In reference 1. Talues of 8 of the 
order of magnitude ±0.3 correspond to flows over supersonic wings, and 
a typical nozzle with an exit Mach number of about 2.5 might produce a 
value of 8 of about 1.5. In the present Investigation, solutions are 
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found for pressure gradients ranging from that causing separation to the 
Infinitely favorable gradient and for wall temperatures from absolute 
zero to twice free-stream stagnation temperature.^ 


All solutions are presented in tabular and graphic form. Table I 
shows the values of f,f, f", S, and S' tabulated against t). From 
these values and equations (18) the quantities f" and S" can be easily 
calculated. Table II presents a summary of the values of f^ (related 
to wall shear) and ‘S^ (related to heat transfer) from table I, as well 
as the Reynolds analogy parameter C^Re^/Ru, which represents the ratio 
of skin-friction to heat-transfer effects. Certain other quantities of 
interest cannot be tabulated In general, but can be easily calculated 
from the following formulas : 


Static-temperature ratio: 




(1 + s) - 7 I m| f ' 

2 


(31) 


or, with the static temperature t referred to the free-stream stagna- 
tion temperature tQ, 



Flux density: 


(32) 


Pu 

Pe'^e 


f ’ 

+ 21^M2j(l + S) - 2L^M2f'2 


(33) 


Uniqueness 


For p < 0, Sy = 0, Hartree (ref. 7) first observed that the bound- 
ary conditions (17) eire not sufficient to determine a unique solution. 


^It should be noted that all but one of the presented solutions for 
= 0 are those first obtained by Hartree (ref. 7) for the problem of 
Falkner and Skan (ref. 6). As a further check on the present method, 
the solutions for P = 1.6 and 2.0 with = 0 were obtained independ- 
ently In the present investigation; these values agree very well with 
those of Hartree. 
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Thus, there is not a unique value of f^ for a given p. In studying 
the uniqueness, it is useful to consider the following expression for 
velocity ratio (for any S^) valid for large q: 

f = 1 + |o^(q - x) ^ _ x)"^exp|^ ^ ^ ^ 

(34) 

where a-]^, og, og, and x are integration-constants (see appendix B) . 

In case of = 0, is also equal to zero; however, this does not 
change the uniqueness problem, which is independent of wall temperature. 
For p > 0, og is necessarily zero in order to satisfy the boundary 
condition lim f = 1. For continuity in .p, Hartree then selected the 

asymptotic solution with og = 0 for P < 0. 

Another Important result of the asymptotic solution is 'that the 

integral / ^ dq, related to the displacement thickness, 

w/q \ Pe^e J 

can he shown to become infinite for og ^ 0. This result is contrary to 
the concept of a thin layer outside of which the viscous effects may be 
neglected . A further effect of the og term on the solution can be 
observed by examination of the dimensionless quantity f "'/ff" (sug- 
gested by Professors L. Crocco and L. Lees), in which f" represents 
the net viscous forces acting on the fluid element and f" is propor- 
tional to the velocity gradient (shearing flow). It can be shown that 
for Og = 0 



while for ^ 0 

xlm/’- tl\ = lim = 0 

ff’7 (q - x)^ 

Solutions with Og = 0 retain the numerator and the denominator of the 
ratio -f '"/ff" fo the same order of magnitude, while if cxg is dif- 
ferent from zero a solution results wherein the magnitude of the net 
viscous forces in the asymptotic region is small compared with the mag- 
nitude of the shearing flow set up by their action. Thus, in order to 
retain both effects of viscosity to the same order of magnitude, Og 
must be taken equal to zero, as was done by Hartree. The solution thus 
obtained will be termed the "viscid" solution. 
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Another feature of solutions with different from zero Is the 

analytical result that the velocity ratio In the outer portion of the 
boundary layer may exceed unity. For example, If Is not zero, equa- 

tion ( 34 ) shows that for large q the cx^ teimi of the velocity ratio 
expression Is dominant, and thus (f ' - l) Is necessarily of the same 
sign as Og. That Is, for positive a^, the velocity ratio approaches 
unity from above ; this phenomenon will be termed "velocity overshoot . " 
Since, for a given p and In this range, each of these various 

solutions has associated with it a different set of values of f^ and 
Sy, one of these parameters, say f^, can be conveniently used in place 
of 02 to identify the various solutions. This infinite set of solutions 
can be represented as in sketch (a) for a typical (cold wall) case. 



It 1s seen that there are a maximum and a minimum shear (represented by 
f^) and heat transfer (represented by S^) that can satisfy the equations 
without Incurring velocity overshoot. These distinct solutions (circled 
points in sketch (a)) correspond to 02 = 0,^ the viscid solutions; that 


“^In the evaluation of the singularities of the Integrals required , 
for the method of successive approximations, Og was taken to be zero. 
Hence, solutions for Og 0 were obtained by forward Integration 
(appendix D), although the numerical values of 02 were not determined. 
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with the lower shear is designated the "lower-hranch" solution. The 
behavior of the calculated family of solutions is presented in figure 1 
for = -0.8 and 3 = -0.325, -0.3285, and -0.336. For a given value 
of Sy, as 3 is decreased the two viscid solutions approach each other. 
At a value of 3 to he designated these two solutions become 

identical and for 3 < Pmin-> viscid solution exists. For negative 3 > 
only the viscid solutions will be considered in the remainder of this 
report . 

With regard to the physical significance of the double solution, it 
may be noted that for adverse pressure gradients (3 < O) a real flow 
cannot completely reproduce the similar solution because Ug(0) = » would 
be Involved. However, a pressure field can, in principle, be applied to 
a developing boundary layer so that, after a phase of adjustment, the 
boundary layer would approach one of the similar solutions with 3 < 0 
and stay quite close to it thereafter. It seems reasonable to believe 
that, depending on the way the pressure field is applied, one solution 
or the other corresponding to the same 3 could be approached after 
different adjustment phases. This result is exactly what Clauser (ref. 

23) has found - in his experimental work on similar turbulent boundary- 
layer flows. 


Velocity and Temperature Profiles 

The velocity and enthalpy- function profiles obtained from the tabu- 
lated solutions are presented as functions of tj in figures 2 and 3, 
respectively. The distance y normal to the surface in the physical 
plane is related to the similarity variable tj through equations (6) 
and (15), and may be expressed as 



where t/tQ is given by equation (32). 

Velocity overshoot . - The velocity profiles shown in figure 2 indi- 
cate that for a given wall temperature the initial slope decreases as 
the pressure gradient becomes less favorable. For adverse pressure 
gradients an Inflection point occurs within the boundary layer and moves 
outward as the gradient becomes more adverse. The velocity ratio varies 
monotonically from zero to the final value of 1.0 except for the cases of 
favorable pressure gradients with heated walls . Then the velocity 
ratio in the outer portion of the boundary layer reaches a maximum value 
greater than 1.0 before returning to its final value of 1.0 This type 
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of velocity overshoot was also obtained in the investigation of reference 
11 for favorable pressure gradients with heated walls and is to be dis- 
tinguished from that associated with the nonunique inviscid solutions 
which occur only for adverse pressure gradients. When the wall is 
heated in a favorable pres sure -grad lent flow, the density within certain 
layers of the boundary layer is lowered so that, in spite of the viscous 
retardation, the flow is accelerated more than the external flow by the 
external pressure forces. Thus, a velocity greater than the external 
velocity may be obtained. 

This phenomenon can be established by examination of equation (34) 
and the corresponding asymptotic expression for the enthalpy function 
(appendix B) : 


S = ^^(il - exp 


(Tl - X)- 


(36) 


For favorable pressure gradients, = 0 as previously mentioned. Then, 
the Og term in equation (34) is dominant for large t] . Thus, (f - 1) 
and Oj are of the same sign. Hence, for a heated wall (o^ positive, 
eq. (36)), the velocity ratio must approach 1.0 from above. 


Stagnation-temperature profiles . - Figure 3 shows that for Pr = 1, 
the stagnation temperature varies monotonically across the boundary 
layer from the wall value to the free-stream value. For favorable pres- 
sure gradients with a cold wall, there is small variation with p of 
this distribution. The variation becomes more pronounced with an in- 
crease in wall temperature. 


Bound ary -layer thickness . - The velocity profiles (fig. 2) indicate 
that the boundary layer thickens as the wall shear stress diminishes. 
Also, for a given value of the pressure -gradient parameter p, the boun- 
dary layer, when considered in terms of q, thickens as the wall tempera- 
ture is lowered. However, in the physical plane (in terms of y) be- 
cause of the relation between y and q (eq. (35)) the trend is Just 
the opposite. This emphasizes the necessity for careful consideration 
of the relation between the transformed quantities and their physical 
counterparts . 


The thermal boundary layer also thickens as separation is approached. 
The relative thicknesses of the dynamic and thermal boundary layers may 
be conveniently observed from a plot of S against f' (fig.- 4). Then 
if a fixed fraction of S^, say 0.99, is chosen to define the thermal- 
layer thickness and if the same value of velocity ratio is taken to de- 
fine the dynamic layer, it can be seen that, regardless of wall tempera- 
ture, the thermal layer is thicker than the dynamic layer for favorable 
gradients and thinner for adverse gradients. 
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For Pr < 1 the relative magnitude of the dynamic thickness to 
the thermal thickness will he decreased^ since the Prandtl number re- 
presents the ratio of viscous to thermal effects in the fluid. 


Shear and Skin Friction 

The shear distribution in the boundary layer is presented in 
figure 5, where f" is plotted as a function of t]. The shear function 
f" is related to the shear stress t through the expression 



(37) 


For P > 0 the maximum shear is at the wall, whereas for p < 0 the 
point of maximum shear moves increasingly outward as the pressure 
gradient becomes more adverse. 

The quantity that is of primary interest in boundary- layer calcula- 
tions is the shear stress at the wall which, can be made dimension- 

less through the definition of a local skin-friction coefficient, 
producing the relation 



The factor (1 + S^) appears in equation (38) because of the use of 
in the definition of C^. Althou^ this factor can be easily avoided, 

.. . ligX 

it 13 used later in evaluating a Reynolds number Re^ = suitable 

w 

for use in determining the heat transfer. An alternate form for 
equation (38) is 


^fV^ ^ , . / m + 1 d InT 
2 w y 2 d In X 


(38a) 


It should be noted that, in equation (38a), fluid properties are evalu- 
ated at the wall temperature. If the skin-friction coefficient and 
the Reynolds number were to be based on local free-stream fluid 



20 


NACA TN 3325 


properties, rather than on wall values, 
appear in the right member of eq.uation 


a factor of 



would 


(38a) . When this factor is 


evaluated using Sutherland's viscosity law, it varies from 



depending on the temperature involved . 



to 


The queintity f^ is presented as a function of p and in 

figure 6. It can be seen that heating the surface increases the sensi- 
tivity of the wall shear to pressure gradient, while cooling the wall 
has the opposite effect. A suggested physical interpretation for this 
trend is related to the effect of wall temperature on the mean density 
of the fluid within the boundary layer. For the heated wall, the 
boundary- layer density is less than the free -stream density, rendering 
the boundary- layer fluid more susceptible to free-stream acceleration 
forces than for the cold wall. Figure 6 shows further that a linear 
extension of the slope of the curve, f^ against p from P = 0 to 
large positive p would grossly overemphasize the effects of favorable 
pressure gradient; while the same linear extension toward negative p 
would underemphasize the effects of adverse gradient. 


In figure 6(b), the two viscid solutions, which occur for adverse 
pressure gradients for a given p and S^, are plotted. It is seen 
that two solutions are given for even the insulated surface (S„- O) , 
although Hartree reported only one . In this case the lower-branch 
solution corresponds to negative wall shear stress (separated flow), 
which was not considered in reference 7. For heated walls (Sy > 0) 
both solutions may be separated near Pmin^ while for cooled walls 
both solutions may be unseparated in this region. The physical inter- 
pretation of these double solutions has been discussed in the section 
UNIQUENESS. 


Heat Transfer 

The variation of heat transfer across the boundary layer is plot- 
ted in figure 7 in terms of the derivative of the enthalpy function 

S' = — . This quantity is related to the stagnation enthalpy deriva- 
dq 

tive in the physical plane by the expression 
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These curves again Ijidlcate the thickening of the thermal layer as 
separation is approached. Furthermore, as separation is neared, the 
zone adjacent to the surface where S' is essentially constant -spreads 
rapidly. This is a zone where the heat transfer is primarily by con- 
duction because of the near zero velocities in the neighborhood of 
the surface. 


The values of S' at the surface (S^^) are shown plotted as a 
function of pres sure -grad lent parameter P in figure 8 for constant 
wall temperatures. Two facts are noteworthy: (l) In the region of 

favorable pressure gradient, S^. is nearly constant; (2) the heat 
transfer varies sharply near separation. From these facts the addi- 
tional conclusion may be drawn that, if a linear extension of these 
curves is made with the slope at p = 0, the result will seriously 
overemphasize the effects of a favorable pressure gradient or heat 
transfer and underestimate the effects for adverse pressure gradients. 

A similar influence of pressure gradient on skin friction has already 
been noted. A comparison of figures 6 and 8 Indicates that the effect 
of pressure gradient on heat transfer is smaller than the corresponding 
effect upon wall shear. 


As with the akin friction, it is convenient to define a dimension- 
less number from which the heat transfer may be determined. The Nusselt 
number is 


Nu = 




m + 1 d In X 
2 d In X 


(40) 


The quantity is plotted in figure 9 for constant wall tempera- 

tures as a function of the pressure-gradient parameter p. The Eeynolds 
number Ee-j^ is again defined in terms of wall properties. 

Eeynolds analogy . - From expressions (38a) and (40), a simple 
modifed Eeynolds analogy parameter is evaluated by 



This quantity is the reciprocal of the usual Eeynolds analogy quantity 
in order to avoid Infinite values as separation is approached. It 
is plotted in figure 10 as a function of the pres sure -grad lent parameter 
p. These curves resemble the f^ curves (fig. 6) because of the rela- 
tively small variation in magnitude of compared with that of 
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The variation of CfRe^/Nu is from zero to 7.4 for a surface of 
temperature twice the free-stream stagnation value and from zero to 
2.8 for a surface held at a temperature of absolute zero, as shown in 
figure 10.' This indicates the inadequacy of utilizing the flat-plate 
value of 2.0, as has often been done for estimates of heat transfer. 
Figure 10 is of particular use in evaluating the heat transfer for a 
problem when used in conjunction with simple methods for determining 
Cf^ as proposed, for example, in reference 1. 


SUMMARY OF RESULTS 

From an analysis of the laminar compressible boundary layer based 
on Stewartson's transformation and including effects of heat transfer 
and pressure gradient, the following results were obtained: 

1. If the condition of similarity is required and the Prandtl 
number is constant but different from 1.0, the external Mach number 
must be either zero, constant, or very large. If the Prandtl number 
1s taken as 1.0, the Mach number may be arbitrary. The free-stream 
velocity distributions consistent with the similarity concept are 
either power- law or exponential distributions in the transformed coor- 
dinates. Since the exponential distribution appears to be limited to 
favorable gradients and in this range the problem may be reduced to a 
special case of the power-law distribution, the calculations have been 
based on the latter class. 

2. For flows with favorable pressure gradients, unique solutions 
were obtained. For flows with adverse pressure gradients, two types 
of solution were obtained which have been Identified as either essen- 
tially viscid or invlscid in the outer portions of the boundary layer. 
The invlscid solution sometimes involved velocity overshoot within the 
boundary layer. For favorable pressure gradients, the viscid solution 
is required by the boundary conditions. For adverse pressure gradients 
there are two viscid, solutions; these correspond to the maximum and 
minimum wall shear, which exclude velocity overshoot. 

3. For heated surfaces with favorable pressure gradients a veloc- 
ity overshoot, which increases with increasingly favorable gradient, 
results within the boundary layer. This excess velocity is associated 
with the acceleration of a layer of fluid in the outer portion of the 
boundary layer, with density less than the external density. Since 
this layer is subject to the external pressure field and is restrained 
only slightly by the viscous forces acting on it, it is accelerated 
more than the external flow. 

4. For a Prandtl number of 1.0, when the thicknesses of the dy- 
namic and thermal boundary layers are defined by a fixed fraction 
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(say 0.99) of the velocity ratio or stagnation-temperature-difference 
ratio, the thermal boundary layer is thicker than the dynamic layer 
for favorable pressure gradients and thinner for adverse gradients. 

5. The variation of a Eeynolds ' analogy parameter is from zero to 
7.4 for a surface of temperature twice, the free-stream stagnation value 
and from zero to 2.8 for a surface held at a temperature of absolute 
zero, with the value 2.0 for the flat plate. 


Lewis Flight Propulsion Laboratory 

National Advisory Committee for Aeronautics 
Cleveland, Ohio, October 15, 1954 
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APPENDIX A 


SYMBOLS 

The following syrnhole are used in this report : 
a sonic velocity 

C^CijCg, etc. arbitrary constants 

Cj local skin-friction coefficient ^ Cf = 


su 


h 

k 

^1 

Me 

m 


Nu 

Pr 

P 

Ee. 

S 

t 

U 


w 


Pr 


w 


P 


specific heat at constant pressure 
function related to stream function by f = \|r 

asymptotic function^ g = f^ 
enthalpy 

thermal conductivity 
Sutherland ' s constant 

^e 

local external Mach number, M^ = — 

e a^ 

exponent from Uq = CX™ 


Nusselt number, Nu = 


w 


^0 - \ 


|IC^ 

Prandtl number, Pr = — ^ 

k 


static pressure 
Reynolds number, Ee^ = 


Pw^e^ 




enthalpy function, S = — - 1 
static temperature 

transformed longitudinal velocity component, 

uao 

U = -IT = ty 


t jm + 1 

1/2'' oV 
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u 

V 

V 

X 


X 

Y 


etc. 

3 




r 

e 


T) 

X 

X 

1^ 

V 

p 

T 


longitudinal velocity component 

transformed normal velocity component, ^ “ 'I'X 

normal velocity component 


transformed longitudinal coordinate, X 



^^dx 

Pq ^0 


longitudinal coordinate 


transformed normal coordinate 


*^0 


Pae 


dy 


normal coordinate 

integration constants in asymptotic solution 
pressure gradient parameter, 3 = 


2m 


m + 1 

minimum value of 3 corresponding to a viscid solution 
for a given wall temperature 

ratio of specific heats 

arbitrary small quantity 


XJ X 

similarity variable, r\ = J. I /S_l: ^ ® 

X f 2 




Integration constant in f^ = q 

(p/pq) 


C-P. ^ 

Y'w + ^su/ j/ ^0 


(■^Aq) 

dynamic viscosity 
kinematic viscosity, v = p./p 
mass density 


shear stress, t = p 


Su 

¥ 


stream function: = U, \|fy 


- V 
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2 OBcillation coefficient, eq.. (C2) 

CO damping coefficient, eq. (C3) 

Subscripts : 

e local flow outside boundary layer (external) 

j result of iteration . 

c 

t 

s stagnation value t 

w wall or surface value 

0 free-stream stagnation value 

Other notations; 

~ asymptotic quantity 

primes denote differentiation with respect to t) 
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APPENDIX B 


ASYMPTOTIC SOnJTION 

To evaluate the Integrals In equations (24) and (27), it is nec- 
essary to have closed-form expressions for the integrands concerned, in 
the range of large q. This requires a Solution of the system 

f + ff" = 3(f - 1 - S) (18a) 

S" + fS' = 0 (18b) 

for large q, which is the asymptotic solution. 

The asymptotic solution for f (designated f) is assumed to con- 
sist of a sum of terms, each smaller than the preceding. Only the 
first two terms will he discussed herein. The corresponding solution 
for the enthalpy term S is also obtained. 


(Bl) 


(B2) 

f]^ is Inserted into (18), 
the corresponding enthalpy term S, must he identically zero. In- 
serting equations (Bl) and (B2) into equations (18) and dropping 
higher- order terms result in 

fg" + ■ ®2 

Sg + (t 1 - ■>t)S^ = 0 

The energy equation can he integrated directly to give 

- Inz2i}i 
2 



Let 


where 


f = fl + f2 


f2 « fi 


f ’ « f i 


Now, since lim(f') = 1, let 

T]-*oo 


f-, = T) - X 


where x is an undetermined cons-jiant. If 


= Ce 
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which integrates once again to the 
noted cerf) 



= “ 3 ^ 


complementary error function (de- 
e ^ dT) 



If equation (B4) is now substituted into the momentum equation of equa- 
tions (B3), with the notation ' . 

g(n) = 

there results 


g" + (ti - x)g' - 2pg = 



A particular Integral to equation (B5) is 


(B5) 



(B6) 


The complementary function can be found by noting that the homogeneous 
part of equation (B5) is Weber's equation. Hartree (ref. 7) gives the 
general solution for large values of the argument (q - x) which can be 
written 


g = Oq(Tl - 


^)-(2S.l) 



(1 - 
2 


+ 02(t) - 


(B7) 


where a-]^ and 02 are undetermined constants. 

For P 0 it- is clearly necessary to take 02 = 0 if the 
boundary condition lim g = 0 is to be applied. For p < 0 the 

T|-»<»> 

boundary condition does not require 02 = 0; this introduces a lack of 
uniqueness in this range. The significance of 02 = 0 was more fully 
discussed in the section UNIQUENESS. 
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Using the first term of the expansion for the complementary error 
function 



and combining the preceding equations result in the following 
expressions : 



(B8) 



^)-(2p.l) ^ I 


in - 



(n - >)" 
2 


+ a (ti - 

( 34 ) 
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APPENDIX C 


CONVEEGENCE AND EXTRAPOLATION 


The method of auccessive approximations used in solving equations 
(24) and (28) is as follows: Two functions fj(f') and Sj(f') are 

assumed and inserted into the right sides of equations (24) and (28). 
This produces two new functions, snd Sj^^(f') on the left. 

The question of convergence is the first 


to consider. In reference 2, Crocco 
treated a momentum equation which was 
essentially equation (24) with p = 0. 

There it was shown that the result might 
converge to a pair of functions between 
which it would oscillate and of which 
the geometric mean was the proper solu- 
tion. In practice, the use of the arith- 
metic mean was demonstrated to be adequate. 
In the same way in the present case, the 
property of oscillation cannot be developed 
analytically; however, it has been found 

f" + f" 

by trial that, if — ■ is used in 


2 

obtain 


the 08 - 


place of f!,' 1 to obtain f" , 

dilation is reduced and a convergence 
takes place. A typical result is shown 
in sketch (b) . 

When the value for 3 for which a 
solution was sou^t was sufficiently posi- 
tive, the enthalpy function S also showed 
a tendency to oscillate. In these cases, 
applying the same averaging procedure to S 
again Improved the convergence. It was also 
found that convergence was Improved if, in 
the Intlal assumed function for f"(f), the 


Iteration 



f ' 

(t) 


slope 


fdf"\ 


was taken so that it satisfied equation (18a); that is, 


(ft- 


■3(1 


s ) 


f " 
w 


When an iterative method is used to determine a function, it is 
always desirable to develop a method of extrapolating the result to 
correspond to a larger number of Ite^rations than have actually been 
carried out. This cannot be done in an exact fashion unless a definite 
law of convergence is established. Recently, an extrapolation method was 
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devised (ref. 24) which required four successive iterants for an arbi- 
trary Iterative computing scheme. The development assumed that the 
remaining error after any iteration consisted essentially of two terms, 
both of which damped by a factor co with each Iteration. The sign of 
one of these terms was assumed to change with each iteration. This 
method extrapolated a function by breaking it into n-1 parts and 
treating it somewhat like an n-dimensional vector. The method has 
been demonstrated for Laplace's equation foh which it was quite adequate. 
For nonlinear equations, however, the method is not as suitable. 

In reference 1, a method requiring five successive iterants was 
developed which combined the method of reference 24 and the geometric 
mean rule. The function to be extrapolated is considered to be made 
up of a set of numbers Fj^, where the subscript 1 Identifies the 
particular component of the set. Then, the resulting relations for the 
i'th component of the extrapolated function F in terms of the pre- 
ceding five Iterants, (F^) ••• where j is the iteration 

number, are : 



where the oscillation coefficient 2^ is given by 



and the damping coefficient oo is 



(C3) 
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Application of this syatem waa extremely effective. It generally 
reduced the oscillation remaining after five iterations by a factor of 
10. A typical plot of the oscillation of f^ is indicated in 
sketch (c). 



(c) 
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APPENDIX D 


CALCULATION PEOCEDUEE 

The Bucceseive approximation calculations were carried out hy 
means of lEM Type 604 Calculating Punch machines. The program was 
coded for fixed-point calculation, with the standard Function- 
Generating control panel used, plus a control panel especially wired 
for rapid Integration of quotients hy a trapezoidal rule. The step size 
(in f ') varied from h maximum value of 0.050 or 0.025 at f ' = 0 to 
0.00001 at f ' = 0.9999, the total number of intervals being 122 in 
the former case and 236 in the latter. By doubling and halving the 
step size for a critical case, the results are judged to contain a 
maximum error of 0.0002. Comparison with solutions obtained by for- 
ward integration, for the same case, confirms this accuracy. A given 
iteration (utilizing the 0.050 step size) could be carried out in 

approximately 1^ hours by an experienced machine operator. If the 

averaging and extrapolation techniques described in appendix C are used, 
10 Iterations generally would suffice for the accuracy desired. In 
contrast with forward integration, this number of iterations is not a 
function of the experience of the person carrying out the calculations. . 

In the derivation of the Integral relations (eqs. (24) and (27)), 
it was assumed that the velocity ratio varied smoothly and monotonl- 
cally from zero at the wall to 1.0 at infinity. However, in the range 
3 > 0 and Sy. > 0 (favorable pressure gradient and hot wall), the 
solution Involves an increasing velocity ratio to a value greater than 
1.0, followed by a smooth decrease to 1.0. Under these unusual cir- 
cumstances, the method of successive approximation derived herein must 
be considerably modified if it is to be used at all. For these cases, 
forward integrations were performed by Dr. Lynn U. Albers. 

Equations (18), together with the boundary conditions (17), consti- 
tute a nonlinear two-point boundary- value problem. Cases of this 
boundary- value problem were solved by forward integration, with the 
IBM Card -Programmed Electronic Calculator (CPC) used to Integrate with 
five-point integration formulas. 

For the cases where the solutions are not unique (3 < 0), the 
solutions were obtained in two patterns: In one pattern, 3 and 

were fixed and, for a set of values of f^, the quantity was 

altered until boundary conditions at infinity were apparently satis- 
fied. In the other pattern, f^ and were fixed and, for a set 

of values of negative 3, the quantity was altered until boundary 

conditions at infinity were apparently satisfied. An attempt was made 
with both patterns to include the solution with the minimum value 
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of the maximum velocity ratio fmax within the "boundary layer. Ex- 
cept for those cases where no solution existed without velocity over- 
shoot, this minimum value was 1.0. 

The details of the Integration method used are described very 
completely hy Lynn U. Albers in an appendix to reference 25. The 
possible error contained in the results is indicated in the footnote 
to table I. Each trial run of a case required approximately 30 minutes. 
A person considerably experienced with the method of obtaining solu- • 
tions by forward Integration generally achieved convergence within 12 
trials; however, tests indicate that this number is insufficient by a 
factor of the order of 2 if the person lacks experience. 
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TABLE 1. - SIMILAR SOLUTIONS OP LAMINAR COMPRESSIBLE BOUNDARY -LAYER EQUATIONS.^ 




P ■= - 0 . 326 , S ^( = - 1 . 

0 


mm 

f 

f ' 

f " 

S 


0 

0 

0 

0 

- 1 .0 0 0 0 

0.2 4 7 7 

.3 

.00 0 0 

.0 00 1 

.0016 

- .9 5 0 5 

.2 4 7 7 

.4 

.00 0 1 

.0009 

.0065 

- .9 0 0 9 

.2 4 7 7 

.6 

.0004 

2 0 2 9 

2 14 5 

- .8 5 1 4 

.2 4 76 

.8 

.0014 

.0069 

2 2 5 6 

- .8 0 1 9 

.2 4 7 6 

1.0 

.00 3 4 

.0135 

2 4 0 3 

- .7 5 2 4 

.2 4 7 5 

1.2 

.0070 

.0 2 32 

.0 5 80 

- .7 0 2 9 

.2 4 7 2 

1.4 

.0129 

.0 369 

.0788 

- .6 5 3 5 

.2 4 6 8 

1.6 

.02 2 0 

.05 50 

.10 2 6 

- .6 0 4 2 

.2 4 5 9 

1.8 

.035 2 

.07 8 1 

.12 9 0 

- .5 5 5 2 

.2 4 4 5 

2.0 

.0 5 3 6 

.10 6 7 

.15 7 8 

- .5 0 6 4 

.2 4 2 4 

2.2 

.078 3 

.14 13 

.18 8 2 

- .4 5 8 2 

.2 3 92 

2.4 

.110 5 

.18 2 1 

.2196 

- .4 1 0 8 

.23 4 3 

2.6 

.1516 

^ 2 9 1 

.2 506 

- .3 6 4 5 

.228 8 

2.8 

.202 6 

.28 2 2 

.2 7 9 9 

- .3 1 9 5 

.2 2 0 8 

3.0 

.26 4 8 

.3 40 9 

.30 56 

- .2 7 6 3 

.2108 


.3 39 3 

.4 0 42 

.32 6 0 

- .2 3 5 3 

.19 8 5 

3.4 

.4 2 6 7 

.4 70 8 

.3 39 2 

- .1 9 7 0 

.18 3 9 

3.6 

.5 27 7 

.5 392 

.3 4 3 4 

- .1 61 9 

.16 7 2 

3.8 

,6 42 4 

.6075 

.3 3 77 

- '.1 3 0 3 

.14 8 8 

4 D 

.77 0 6 

j 67 3 7 

.3 2 2 0 

- .1 0 2 5 

.12 9 2 

42 

.9116 

.7 35 7 

.2 9 69 

- .078 6 

.10 9 2 

4A 

1.0 6 4 5 

.79 19 

.2 6 4 2 

- .0 5 8 8 

.0 8 9 7 

4jS 

1.2 2 7 9 

.6410 

.2 2 6 5 

- .0 427 

.0713 

4Ja 

■ 1.4 0 0 4 

.8 82 4 

.16 67 

- .0 3 0 1 

.0 54 8 

5J0 

1.5 8 0 3 

.9158 

,14 7 8 

- .0 2 0 6 

.04 07 

52 

1.7 6 6 2 

.94 17 

.112 3 

- .0 1 3 7 

.0 29 1 

5.4 

1.9 5 6 6 

.96 10 

.0818 

- .0 0 8 8 

.0201 

5.6 

2.1 5 0 2 

.97 4 6 

.0 5 71 

- .0 0 5 5 

.0133 

5.8 

2.3 4 6 2 

.98 4 3 

.0383 

- .0 0 3 3 

.0085 

6.0 

2.5 4 3 7 

.990 5 

2 2 4 5 

- .0 0 2 0 

.0052 

6.2 

2.7 4 2 2 

.99 4 4 

.0152 

- .0 0 1 2 

.00 31 

6.4 

2.9 4 1 4 

.99 6 7 

.0 0 86 

- .0 0 0 7 

.0016 

6.6 

3.1 4 0 9 

S9B0 

.0 0 5 0 

- .0 00 5 

.00 09 

62 

3.3 4 0 5 

.998 8 

.0 0 20 
1 

- .0 0 0 4 

.00 0 5 


ilH 


P = -0.3657 

, S„ 1.0 



■Di 


f ’ 

f" 

S 

S' 

0 

0 

0 

0.0 5 0 0 

- 1.0 0 0 0 

0.2 9 5 8 


.0010 

.0101 

.0 5 22 

-.9 4 0 8 

.2 95 8 

.4 

.004 1 

.0211 

.0 5 86 

-.8 8 17 

.2 9 5 6 

.6 

.00 9 6 

.0339 

.06 9 3 

-.8 2 2 6 

.2 9 52 

.8 

.0178 

.0 4 9 1 

.0 84 1 

-.7 6 3 6 

.2 9 4 4 

143 

.029 5 

.0678 

.10 2 8 

-.7 0 4 9 

.2 9 3 1 

1.2 

.04 5 2 

.0905 

.12 5 2 

- .6 4 6 5 

.2909 

1.4. 

.0660 

J. 1 8 0 

.15 0 9 

-.5 8 8 6 

.28 7 7 

1.6 

.092 8 

.15 10 

.1 7 9. 1 

-.5 3 14 

.28 3 2 

1.8 

J. 2 6 8 

.18 9 8 

.2 0 9 1 

-.4 7 5 4 

.2 7 7 1 

2.0 

.16 9 1 

.2 3 47 

.2 39 5 

-.4 20 8 

.26 9 0 

2J2 

.2211 

.285 6 

.26 90 

-.3 67 9 

.258 8 

2.4 

J3 8 3 7 

.342 1 

.2 9 56 

-.3 17 4 

.2 4 6 1 

2.6 

.358 2 

.40 3 5 

.3174 

-.26 9 7 

.23 0 8 

2.8 

.4 4 5 4 

.46 8 6 

.3 3 2 4 

-.2 25 2 

.2131 

3.0 

.5458 

.53 59 

.3 3 88 

-.18 4 6 

.19 3 0 

3.2 

.6 59 8 

.60 35 

.3354 

• - .1 4 8 2 

.17 11 

3.4 

.7 87 1 

,6694 

.3216 

-.116 2 

.14 8 1 

3.6 

.927 3 

.7315 

.2 9 83 

- .0 8 8 9 

.12 4 8 

3.8 

1.0 7 9 3 

.78 8 1 

.2 6 68 

- .0 6 6 3 

.10 2 2 

4.0 

1.2 4 2 1 

.83 7 9 

.2 299 

- .0 4 8 0 

.0610 

4.2 

1.4 1 4 0 

.8 79 9 

.19 0 4 

- .0 3 3 7 

.0 6 21 

4.4 

13 9 3 5 

.9140 

.15 13 

- .0 2 2 9 

.0 4 6 0 

4.6 

1.7 7 9 1 

.940 6 

J. 1 5 4 

- .0 1 5 1 

.0 3 2 8 

4.8 

1.9 6 9 3 

.960 5 

X> 8 4 3 

- .0 0 9 6 

.0 2 25 

5.0 

2.1 6 2 9 

.97 4 7 

.0569 

- .0 0 5 9 

.0149 

5.2 

23 5 8 9 

.98 4 5 

.0 395 

- .0 0 3 5 

.0095 

5.4 

2.5 5 6 5 

.990 9 

.0253 

- .0 0 2 0 

.0 0 5 8 

5.6 

2.7 5 5 1 

.9 9 4 9 

.0155 

- .0 0 1 1 

.00 3 4 

5.8 

2,9 5 4 3 

.9 973 

.0 092 

- .0 0 0 6 

.0019 

6.0 

3.1 5 3 9 

.99 8 7 

.0 0 5 2 

- .0 0 0 3 

.0011 

6.2 

3.3 5 3 8 

.9995 

.0028 

- .0 0 0 1 

.0006 

6.4 

3.5 5 3 7 

.999 9 

.0014 

- .0 0 0 1 

.0 0 0 3 


^The accuracy of solutions obtained by the method of successive approximations Is believed to be i0.0002. Solutions bv forward 
integration were obtained in two patterns (appendix D). Vfhere p and S„ were Initially fixed, the eigenvalues are believed 
to be correct to ±0.0002. Where r” and S^ were Initially fixed, p and S' are believed to be correct to ±0.0002 (except 
In the case of p = 0.2460, S„ •= -0.4, where p and S^ are believed to be correct to ±0.002). The values In the tables 
are of comparable accuracy except at large n, where the entries may contain errors as large as twice the above amounts. 
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TABLE 1. 


Continued. SIMILAR SOLUTIONS OF 


P = -0.3684, S„ = -1.0 


f 

f ' 

f " 

S 

S ' 

0 

0 

0.1 4 0 0 

- 1.0 0 0 0 

0.3 5 2 7 

.00 2 6 

,0 2 G 2 

.1 4 2 7 

-.9 2 9 4 

.3 5 2 7 

.0113 

.0 5 7 4 

.15 0 6 

-.3 5 8 9 

.3 5 2 3 

.0 2 5 9 

.0 6 8 7 

.16 3 3 

-.7 8 8 6 

.3 5 1 0 

.0 4 7 0 

.12 3 0 

.1 b 0 3 

-.7 16 6 

.3 4 8 5 

.0 7 5 4 

.16 11 

.2010 

- .6 4 9 3 

.3 4 4 3 

.1118 

.2 0 3 6 

.2 2 4 3 

-.5 8 11 

.3 3 7 9 

.13 7 1 

.2 5 0 9 

.2 4 9 1 

-.5 14 3 

.3 2 9 0 

.2125 

,3 0 2 

.2 7 3 6 

- .4 4 S 6 

.3171 

.2 7 6 7 

.3 6 0 3 

.2 9 6 5 

- .3 8 7 6 

.3 0 2 0 

.3 5 6 9 

.4215 

.5149 

- .3 2 9 1 

.2 8 3 4 

.4 4 7 6 

.4 8 5 9 

.3 2 7 3 

- .2 7 4 5 

;2 6 1 6 

.5513 

.5 5 19 

.3318 

- .2 2 4 6 

,2 5 6 5 

.6 6 8 3 

.6 1 8 0 

.3 2 7 0 

- .1 8 0 0 

.2 0 9 6 

.7 9 6 4 

.6 6 2 1 

.3125 

- .1 4 0 9 

.16 11 

.9 4 0 9 

.7 4 2 3 

.2 3 6 8 

- .1 0 7 6 

.15 2 2 

1.0 9 5 0 

.7 9 7 1 

.2 5 7 6 

- .0 7 9 9 

.1 2 4 2 

1.2 5 9 3 

.5 4 5 0 

.2213 

- .0 6 7 7 

.0 98 2 

1.4 3 2 5 

.8 8 5 5 

,1 ci 2 7 

- .0 4 0 5 

.0 7 5 0 

1.6 1 3 0 

.9182 

.1 4 4 6 

- .0 2 7 5 

.0 5 5 3 

1.7 9 9 3 

.9 4 3 6 

.110 1 

- .0 1 0 1 

• .0 3 9 3 

1.9 9 0 0 

.9 6 2 5 

.0 3 0 2 

- .0 1 1 5 

.0 2 6 9 

2.1 e 5 9 

.9 7 6 1 

,0 5 5 9 

- .0 0 7 1 

.0177 

2.3 S 0 1 

.9 8 5 3 

.0 3 7 3 

- .0 0 4 3 

.0 1 1 2 

2.5 7 7 8 

.9913 

.0 2 3 9 

- .0 0 2 5 

.0 0 6 8 

2 . 7 '7 6 5 

.9 9 5 1 

■.0 14 6 

- .0 0 1 4 

.0 0 4 0 

2.9 7 5 8 

.9 9 7 4 

.0 0 6 6 

- .0 0 0 8 

.0 0 2 3 

3.1 7 5 4 

.9 9 8 7 

.0 0 4 6 

- .0 0 0 5 

.0012 

3.3 7 5 2 

.9 9 9 4 

.0 0 2 6 

-.0 0 0 3 

.0 0 0 6 

3.5 7 5 2 

.9 9 9 8 

.0013 

- .0 0 0 2 

.00 0 3 

3.7 7 5 1 

1.0 0 0 0 

.0 0 0 6 

- .0 0 0 2 

.0 0 0 2 

3.9 7 5 1 

1.0 0 0 0 

.0 0. 0 3 

- .0 0 0 1 

.00 0 0 


LAMINAR COMPRESSIBLE BOUNDARY -LAYER EQUATIONS. 




3 = - 0.36 

S „= - 1.0 



n 

f 

f ' 

f " ^ 

S 

S ' 

0 

0 

0 

0.2 4 4 8 

- 1.0 0 0 0 

0.0 4 0 0 

.2033 

.0 0 5 0 

.0 5 0 

.2 4 7 6 

-.9 18 6 

.0 3 9 9 

. 4 0 2 

.6199 

.10 0 

.2 5 5 2 

-.8 3 9 1 

.0 3 9 8 

. s 5 9 4 2 

.0 4 3 8 

.15 0 

.2 6 6 3 

-.7 6 2 8 

.0 3 9 6 

. 7 7 '/ 6 

.0 7 5 9 

.2 0 0 

.2 7 9 3 

-.6 9 0 5 

.0 3 9 2 

.9 5 3 4 

.115 1 

.2 5 0 

.2 9 2 9 

- ,6 £ S 5 

.0 3 8 5 

1.1 1 9 3 

.16 10 

.3 0 0 

.3 0 6 1 

-.5 s 6 8 

.0 3 7 6 

1.2 7 9 5 

.8130 

.3 5 0 

.3178 

- .4 9 y 3 

,0 3 6 b 

1.4 3 4 4 

.2711 

.4 0 0 

.3 2 7 4 

- .4 4 5 6 

,0 3 b '8 

1.5 o 5 6 

.3 3 5 3 

.4 5 0 

.3 3 4 1 

-.3 9 15 

.0 3 3 6 

1.7 3 4 2 

.4 0 6 0 

.5 0 0 

.3 3 7 5 

-.3 4 2 8 

.0318 

1.8 6 2 4 


.5 5 0 

.3 3 6 8 

- .2 9 7 0 

.0 2 9 e 

2.0 3 i o 

^ 6 9 7 

.6 0 0 

.3317 

- .2 5 4 1 

.0 2 7 5 

2.1 8 4 7 

.6 6 5 3 

.6 5 0 

.3215 

- .2 1 3 8 

.0 2 5 1 

2.3 4 3 9 

.772 3 

.7 0 0 

.3 0 5 7 

-.17 6 0 

,0 2 3 

2.5 1 3 4 

8 9 5 7 

.7 5 0 

.2 8 3 3 

-.14 0 5 

.0194 

2.6 9 9 5 

1.0 4 0 0 

.8 0 0 

2 5 3 5 

-.10 7 4 

.0162 

2.9 12 9 

1.2 1 6 2 

.8 5 0 

.2146 

-.0 7 6 5 

.0127 

3.1 7 6 6 . 

1.4 4 7 3 

.9 0 0 

.16 4 6 

-.0 4 7 9 

.0 0 8 9 

3.2 3 9 7 

1.5 0 4 3 

.9 10 

.15 2 9 

-.0 4 2 5 

.0 0 8 1 

3.3 0 7 8 

1.5 6 6 7 

.9 8 0 

.14 0 6 

-.0 3 7 2 

.0 0 7 3 

3.3 8 2 5 

1.6 3 5 8 

.9 3 0 

.12 7 5 

-.0 3 2 0 

.0 0 6 5 

3.4 6 5 4 , 

1.7 1 3 3 

.9 4 0 

.1136 

-.0 2 7 0 

.0 0 5 7 

3.5 5 9 6 

1.8 0 2 3 

.9 5 0 

.0 9 88 

-.0 2 2 0 

.0 0 4 8 

3.6 1 2 3 

1.8 5 2 5 

.9 5 5 

.0911 

-.0 19 6 

.0 0 4 3 

3.6 6 9 7 

1.9 0 7 5 

.9 6 0 

.0 6 30 

-.0 17 2 

.00 3 9 

3.7 3 3 2 

1.9 6 8 6 

.9 6 5 

.0 7 4 6 

-.0 14 8 

.0 0 3 4 

3.8 0 4 4 

. 2.0 3 7 5 

.9 7 0 

.0 6 5 9 

-.0 12 5 

.0 0 3 0 

3.8 6 5 9 

2.1 1 6 8 

.9 7 5 

.0 568 

-.0 10 3 

.00 25 

3.9 b 2 2 

2.2 1 1 0 

seo 

.0 4 7 2 

-.0 0 8 0 

.0 0 2 0 

4.1 0 1 2 

2.3 2 7 9 

SB5 

.0 3 7 0 

-.0 0 5 9 

.0015 

4.2 6 0 4 

2.4 8 5 1 

5 9 0 

.0 2 6 2 

-.0 0 3 8 

.0010 

4.3 0 0 3 

2.5 2 4 7 

59 1 

.0 2 3 9 

-.0 0 3 4 

.0 0 0 9 

4.3 4 4 3 

2.5 6 8 2 

5 9 2 

.0216 

-.0 0 3 0 

.0 0 0 8 

4.3 9 3 3 

2.6 1 6 9 

5 9 3 

.0192 

-.0 0 2 6 

.0 0 0 7 

4.4 4 8 9 

2.6 7 2 2 

5 9 4 

.0167 

-.0 0 2 2 

.0 0 0 6 

4.5 1 3 4 

8.7 3 6 3 

5 9 5 

.0142 

-.0 0 18 

.0 0 0 5 

4.5 9 0 5 

2.8 1 3 0 

.9 9 6 

.0117 

-.0 0 14 

.0 0 0 4 

4.6 8 7 2 

2.9 0 9 4 

.9 9 7 

.0 0 9 0 

-■0 0 10 

.00 0 3 

4.8 187 

3.0 4 0 6 

.9 9 8 

.0 0 6 2 

-.0 0 0 6 

.0 0 0 2 

5.0 3 3 7 , 

3.2 5 4 3 . 

.9 9 9 

.0 0 33 

-.0 0 0 3 

.0 0 0 1 

6-1 2 4 7 

4.3 4 4 6 

l . X ) 0 0 

5 0 0 0 

•0 00 0 

.00 00 
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- Continued. SIMILAR SOLUTIONS OP LAMINAR COMPRESSIBLE BOUNDARY-LAYER EQUATIONS. 



3.6 9 1 2 

2.1 4 7 7 

3.8 1 0 8 

2.2 6 5 2 

3.9 7 0 8 

2.4 2 3 2 

4.0 1 0 9 

2.4 6 2 9 

4.0 5 5 1 

2.5 0 6 7 

4.1 0 4 4 

2.5 5 5 6 

4.1 6 0 3 

2.6 1 1 2 

4.2 2 5 1 

2.6 7 5 6 

4.3 0 2 6 

2.7 5 2 8 

4.3 9 9 7 

2.8 4 9 5 

4.5 3 1 9 

2.9 8 1 4 

4.7 4 7 1 

3.1 9 6 3 

5.8 5 4 2 

4.3 0 3 1 


f 

3 18 1 
3 19 6 
3 2 3 6 
3 2 9 2 
3 3 5 9 

3 4 2 7 
3 4 9 1 
3 5 4 3 
3 5 7 9 


3 5 7 5 
3 5 2 5 
3 4 3 6 
.3 3 02 
3 117 

2 8 7 1 
2 5 5 5 
2 15 5 

16 4 6 
15 2 8 
14 0 4 
12 7 3 
4 

.0 986 
.0 908 
.0 827 
.0744 
.06 57 
.0 565 
.04 70 
.0 36 9 

.0 2 60 
.0 2 38 
.0214 
.0191 
,0167 

.0142 
.0116 
.0 09 0 
.0 0 62 
.0 0 33 


S 


-ID 0 0 0 

- .9 3 3 1 

- .8 6 6 9 

- .8 0 1 8 

- .7 3 8,3 

-.67 6 6 
-.6 16 9 
-.5 5 9 3 
-.5 03 9 
-.4 50 6 

-.3 9 9 4 
-.3 5 0 2 
-.3 03 1 

- .2 5 8 0 

- .2 1 4 8 

- .1 7 3 5 

- .1 3 4 2 

- .0 9 6 8 

- .0 6 1 6 

- .0 5 4 9 

- .0 4 8 2 

- .0 4 1 7 

- .0 3 5 2 

- .0 2 8 9 

- .0 2 5 8 

- .0 2 2 7 

- .0 1 9 7 

- .0 1 6 7 

- .0 1 3 7 

- .0 1 0 8 
- .0 0 8 0 

- .0 0 5 2 

- .0 0 4 6 

- .0 0 4 1 

- .0 0 3 5 

- .0 0 3 0 

- .0 0 2 5 

- .0 0 2 0 

- .0 0 1 5 

- .0 0 0 9 

- .0 0 0 4 



.0 
.0 
.0 

.0 0 31 

.0 


.119 
.2 3 9 
.3 5 9 
.478 3 

.5 9 7 
.7 16 
.8 3 5 
.9 5 6 

1.0 7 8 2 

1.2 0 2 3 

1.3 2 9 

1.4 6 1 

1.5 9 9 
1.7 4 6 

1.9 0 5 

2.0 8 2 

2.2 8 9 

2.5 4 8 

2.6 1 0 

2.6 7 8 

2.7 5 2 

2.8 3 4 8 

2.9 2 8 7 
2.9 8 1 3 

3.0 3 8 7 

3.1 0 2 3 

3.1 7 3 8 
3J3 5 5 5 

3.3 5 2 1 

3.4 7 1 7 

3.6 3 1 9 

3.6 72 1 

3.7 1 6 3 

3.7 6 5 

3.8 2 1 7 

3.886 7 
35643 
4D 6 1 6 

4.1 9 3 
44 0 8 


3 0 2 0 

3 6 8 9 

4 4 4 6 


1.4 6 7 7 


1.5 4 4 8 

1.6 3 3 6 

1.6 8 3 7 

1.7 3 8 7 

1.7 9 9 9 

1.8 6 9 1 

1.9 4 8 6 

2.0 4 3 0 

2.1 6 0 5 

2.3 1 8 7 

2.3 5 8 5 

2.4 0 2 4 


.3 9 86 
.38 69 
.37 17 
.35 25 
.3 2 87 

.29 95 
.26 39 
.2 2 04 

.16 6 9 
.15 47 
.14 19 
.12 8 4 
.114 2 

.0 9 91 
.0912 
.0 8 31 
.0 7 46 
.0 6 58 
.0 5 66 
.0 4 70 
.0 3 69 

.0 2 60 
.0 2 37 
.0214 
.0190 
.0 166 

.0142 
.0 116 
.0 0 90 


4 6 8 2 
4 17 8 
3 6 8 1 


.3 

.27 0 7 


-.0 8 5 5 
-.0766 
-.0 6 7 8 
-.0 59 1 
-.0 5 0 4 

-.0417 
-.0 37 4 
-.0 3 3 1 
-.0 28 9 
-.0 24 7 
-.0 204 
-.0163 
-.0121 

-.00 8 0 
-.00 7 2 
-.00 6 3 
-.0 0 5 5 
-.00 4 7 

-D 0 3 9 
-D 0 3 1 
-D 0 2 3 
D 0 1 5 
0 0 0 7 


.2 


2 0 0 5 
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TABLE 1 . - Continued . 


SIMILAR SOLUTIONS OP LAMINAR COMPRESSIBLE BOUNDARY-LAYER EQUATIONS. 


P = 0.5, S„ = -1.0 


B = 2.0, 3 ^ ' 



.067 8 
.13 6 0 
.205 1 
.2 75 4 

J47Z 
.42 13 
.4 97 6 



1J08 5 
465 9 
X£S6S 

IS 0 3 0 
1.96 3 6 
2.029 9 
2J. 0 3 1 
24.852 



3.7 7 3 8 
1 6 


2.8 3 2 7 

2.9 9 7 7 


3.0 8 4 9 
34 35 9 


3.26 1 1 
34 4 1 4 
2 1 
9 2 

3.8 0 2 3 

453 4 4 



.1.96 4 
.2 456 
.3 03 5 
.3719 
.4 534 

.5 520 
.6 742 
.8314 

1.0 4 7 7 

1.1 0 2 6 

1.1 6 3 2 
1-2 310 
L3078 

1.3 967 

1.4 4 7 1 
1.5027 

1.5 6 4 6 

1.6 3 5 1 

1.7 16 3 

1.8 130 

1.9 3 38 

2.0 96 7 

2.1 378 

2.1 8 3 1 

2.2 3 3 8 

2.2 9 1 3 

2.3 5 8 1 

2.4 38 1 

2.5 3 8 5 

2.6 7 5 3 

2.8 9 8 0 

4.0 2 9 8 
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TABLE 1. - Continued. SIMILAR SOLUTIONS OF LAMINAR COMPRESSIBLE BOUNDARY -LAYER EQUATIONS. 



P = - 0 . 10 , 

03 

O 

1 

11 



n 

f 

f ' 

f " 

S 

S' 

0 

0 

0 

- 0.0 6 8 6 

- 0.8 0 0 0 

0.0 4 4 7 


- .0 0 .5 3 

-.0258 

- .0 6 0 3 

- .7 8 2 1 

.0 4 4 8 

i'j 

- .0 2 Cj 2 

- .0 4 8 2 

- .0 5 1 5 

- .7 6 4 2 

.0 4 50 

1.2 

-.0 4 3 3 

- .0 6 7 0 

- .0 4 2 5 

-:7 4 6 1 

.0 4 5 5 

1,6 

- .0 7 3 3 

- .0 8 2 1 

- .0 3 3 0 

- .7 27 1 

.0 4 6 6 

k ,0 

- .1 0 0 5 

-.0 9 3 3 

- .0 2 3 1 

-.7 0 8 7 

.0 4 8 3 

k \4 

- .1 4 7 4 

- .1 0 0 5 

- .0 1 2 3 ' 

- .6 8 8 9 

.0 5 09 

2.0 

- .1 8 8 2 

- .1 0 3 0 

- .0 0 0 3 

- .6 6 7 9 

.0 5 4 4 


- .2 2 9 1 

- .1 0 0 4 

.0136 

-.6 4 5 3 

.0 59 1 

3.6 

- .2 6 7 8 

- XI 9 1 8 

.0 3 0 1 

-.6 3 0 4 

.06 5 3 

4.0 

- .3 0 1 6 

- .0 7 5 9 

.0 5 0 1 

-.5 9 3 8 

.0 7 3 3 

4.4 

-.3 2 7 3 

- .0 5 1 1 

.0 7 4 6 

- .5 6 1 6 

.0 6 30 

4.0 

-.3 4 10 

-,.0154 

.10 4 8 

-.5 3 6 0 

.0 95 0 


-.3 3 7 9 

.0 3 3 6 

.14 13 

-.4 8 5 3 

.10 8 8 

5,6 

-.3 12 1 

.0 98 4 

.18 3 7 

-.4 3 8 8 

J . 3 4 1 

6.0 

- .2 5 6 8 

.18 11 

.2 3 0 1 

-.3 8 6 1 

.13 9 3 

6.4 

- .1 6 4 7 

.282 3 

.2 7 5 2 

-.3 3 7 8 

.15 16 

6.8 

- .0 2 a 7 

.39 9 9 

.3103 

-.3 6 5 6 

.15 7 8 

7.2 

.15 6 6 

.52 7 8 

.3 2 4 5 

- .3 0 3 9 

.15 4 1 

7.6 

.3 9 3 5 

.6 5 5 6 

.3 0 9 1 

-.14 4 0 

.13 8 3 

8 .C 

.6 7 9 4 

.770 9 

.2 6 2 9 

- .0 9 3 7 

.1118 

L >,4 

1.0 0 7 1 

.86 32 

.19 6 4 

-.0 5 5 3 

.0 7 9 9 


1 .5 6 6 2 

.9 2 7 6 

.12 7 0 

-.0 3 9 5 

.0 4 9 7 


1 .7 4 5 7 

.96 6 5 

.0 70 3 

- .0 1 4 5 

.0 3 6 7 

9.6 

2,1 3 w 9 

.98 6 6 

.0 3 3 2 

-.0 0 7 0 

.0133 

10.0 

2.5 3 5 5 

.9 9 5 4 

.0133 

-.0 0 3 8 

.00 4 8 

10.4 

2.9 3 2 4 

.9 9 8 7 

.0 0 4 5 

-.0 0 3 6 

.0016 

10 .s 

33 3 2 1 

^9 9 7 

.0013 

-.0 0 3 3 

.00 05 

1 1.2 

3.7 3 2 1 

IX 0 0 0 

.0 0 0 3 

-.0 0 3 1 

.00 01 




P = - 0.3685 

, S „ = - 0.8 



V 

f 

f ' 

f " 

S 

S' 

0 

0 

0 

- 0 X 5 0 0 

- 0.8 0 0 0 

0.1 8 2 9 

.2 

- .0 0 0 9 

- .0 0 8 9 

-.0 3 83 

- .7 6 3 4 

.18 2 9 

.4 

- .0 0 3 4 

- .0 1 5 2 

- .0 2 4 6 

- .7 2 6 8 

.18 3 0 

.6 

- .0 0 6 8 

- .0 1 8 6 

- .0 0 9 0 

- .6 9 0 2 

.18 3 2 

.8 

- .0 1 0 6 

- .0 1 8 7 

.0 0 86 

- .6 5 3 5 

.18 3 5 

1.0 

-.0 14 0 

- .0 1 5 0 

.0 2 8 2 

- .6 1 6 8 

.18 4 0 

1.3 

-.0 16 3 

- .0 0 7 3 

.0 4 9 9 

- .5 7 9 9 

.18 4 5 

1.4 

- .0 16 6 

.0 0 51 

.0 7 37 

- .5 4 3 0 

.18 5 1 

1.6 

-.0 13 9 

.0 2 3 4 

.0 9 9 4 

-.5 0 5 9 

.18 5 7 

1.6 

-.0 0 7 3 

.0 4 5 0 

J . 2 7 3 

-.4 6 8 7 

.18 6 1 

3.0 

.0 0 4 4 

.0 7 3 3 

.15 6 6 

-.4 3 15 

.18 6 2 

3.3 

.0 38 4 

.10 7 7 

.18 7 3 

-.3 9 4 3 

.13 5 7 

3.4 

.0 4 7 9 

.14 8 3 

.3184 

-.3 5 7 3 

.18 4 4 

8.6 

.0 8 8 3 

.19 5 1 

.2 4 9 3 

-.3 20 6 

.18 2 1 

2,8 

.12 6 4 

.3 4 7 9 

.2 7 8 6 

_.2 8 4 5 

.17 8 3 

3.0 

.18 17 

.3 0 6 3 

.3 0 4 9 

-.2 4 9 3 

.17 3 0 

3.3 

.2 4 9 3 

.36 9 5 

.3 2 6 4 

-.3 15 4 

.16 5 7 

3.4 

.3 3 9 7 

,4364 

.3413 

-.18 3 2 

.15 6 4 

3.6 

.4 2 3 9 

.5 055 

.3 4 6 1 

-.15 3 0 

.14 5 1 

3.8 

.5 38 0 

-.5 7 5 0 

.3 4 5 5 

-.12 5 3 

.13 19 

4.0 

.6 5 3 8 

.6 4 3 0 

.3 3 30 

-.10 0 3 

.117 2 

4.3 

.7 8 9 0 

.7 0 7 6 

.3109 

-.0 7 8 4 

.10 15 

4.4 

.9 3 6 5 

.76 69 

.3 8 07 

-.0 5 9 8 

.08 5 4 

4.6 

1.0 9 5 3 

.8195 

.2 4 4 6 

-.0 4 4 2 

.0 6 9 7 

4.8 

1.3 6 3 8 

.86 4 4 

.2 0 5 2 

-.0 3 18 

.0 5 51 

5.0 

1.4 4 0 5 

.9015 

.16 5 6 

-.0 22 1 

.0 4 2 0 

5.3 

1.6 2 3 9 

.930 9 

.12 8 3 

-.0 14 8 

.0 3 0 9 

5.4 

1.8 1 3 4 

.9 5 3 2 

.0 9 5 4 

- .0 0 9 6 

.0219 

5.6 

2.0 0 4 7 

.96 94 

.06 8 1 

-.0 0 5 9 

.0150 

5.8 

3.1 9 9 8 

.980 8 

.0 4 6 5 

,-.0 0 3 5 

.00 9 8 

6.0 

3.3 9 6 8 

.9 8 8 4 

.0 30 5 

- .0 0 1 9 

.00 62 

6.8 

3.5 9 5 0 

.9 9 3 3 

.0192 

-.0 0 0 9 

.00 3 8 

6.4 

3.7 9 4 0 

.9 9 6 3 

.0116 

-.0 0 0 3 

.0 0 22 

6.6 

■ 3.9 9 3 5 

.998 1 

.0 0 67 

.0 00 0 

.0012 

6.8 

3.1 9 3 2 

.99 9 1 

.00 37 

.0 00 2 

.00 07 


7.0 3.3 93 1 

7.2 3.5 9 3 1 


.9 9 9 7 

1.0 0 0 0 


,0 0 2 0 
,0010 


.0 00 3 
.0 0 0 3 


.00 03 

.00 02 


MCA TN 3325 



- 0.8 


P = - 0 . 3088 , S ^, = 


V 

f 

f ' 

f " 

S 

S ' 

0 

0 

0 

0 

- 0.8 0 0 0 

0.2 2 6 1 

.2 

.00 0 1 

.0013 

.0137 

- .7 5 4 8 

.8260 

A 

.00 0 7 

.0 0 5 7 

.0 303 

- .7 .0 9 6 

.2 26 0 

.6 

.0 0 2 6 

.0136 

.0 4 9 6 

- .6 6 4 4 

.326 0 

.6 

■ .0 0 6 5 

.0 2 5 7 

.0716 

- .6 1 9 2 

.2258 

1.0 

.0132 

.0 4 2 5 

.0 9 6 3 

-.5 7 4 1 

.2253 


.0 2 3 6 

.06 4 4 

.12 3 4 

-.5 2 0 9 

.224 5 

1.4 

.0 3 9 3 

.0 9 2 0 

.15 2 7 

-.4 8 4 3 

.2231 

1.6 

.0610 

.12 5 6 

.18 3 5 

- .4 3 9 9 

.3209 

1.6 

.09 0 0 

.16 5 4 

.2151 

-.3 9 6 0 

.2176 

2.0 

.12 7 6 

.2116 

.3 4 6 5 

-.3 5 2 9 

.2130 

2.2 

.17 5 0 

.2 63 9 

.2 7 6 4 

- .3 1 0 9 

.2067 

2.4 

.2 3 3 5 

.3219 

.3 0 3 1 

-.2 7 0 4 

.19 8 4 

2.6 

.3 0 4 1 

.3 8 4 8 

.3 2 4 7 

- .8 3 1 7 

.18 8 1 

2.8 

.3 0 7 7 

.4514 

.3 3 9 5 

-.19 5 3 

.17 5 6 

3.0 

,4348 

.5 2 0 1 

.3 4 5 8 

- .1 6 1 6 

.16 0 9 

3.2 

.5 9 5 7 

.5 3 9 0 

.3 4 2 3 

-.13 11 

.14 4 5 

3.4 

.7 8 0 3 

.6 5 6 3 

.3 2 86 

-.10 3 9 

.12 6 7 

3.6 

.8 58 0 

.7199 

.3 0 5 5 

- .0 8 0 4 

.10 8 2 

3.8 

1.0 0 7 9 

.77 7 9 

.2 7 4 2 

- .0 6 0 6 

.089 8 

4.0 

1.1 6 8 7 

.8 2 9 1 

.2 3 7 2 

- .0 4 4 4 

.0723 

4.2 

1.3 3 9 1 

.87 2 7 

.19 7 5 

- .0 3 1 6 

.0 56 3 

4.4 

1.5 1 7 3 

.908 2 

.15 8 0 

- .0 2 1 8 

.0423 

4.6 

1.7 0 18 

.9 3 6 0 

.1 2 1 3 

- .0 1 4 5 

.0 3 0 6 

4 .G 

1.8 9 1 2 

.9 5 70 

.0 8 9 3 

- .0 0 9 4 

.0214 

S.O 

2.0 0 4 2 

.97 8 2 

.0 6 30 

- .0 0 5 8 

.0144 

5.2 

2.2 7 9 3 

.9 8 2 7 

;o 4 2 6 

- .0 0 3 5 

.009 3 

5.4 

2.4 7 7 1 

.9 8 9 6 

.0 2 76 

- .0 0 2 0 

.00 58 

5.6 

2.6 7 5 4 

.9 9 4 0 

.0172 

-.0 0 11 

.0 0 3 4 

5.8 

2.8 7 4 6 

.9 96 7 

.0103 

-.0 0 0 6 

.0 0 2 0 

6.0 

3.0 7 4 1 

.99 8 3 

.0 0 5 9 

-.0 0 0 3 

.0011 

6.2 

3.2 7 3 8 

.9 9 9 2 

.0 0 3 2 

-.0 0 0 1 

.00 0 6 

6.4 

3.4 7 3 7 

.999 6 

.0017 

-.0 0 0 0 

.0003 

6.0 

3.6 7 3 7 

.99 9 9 

.0 0 0 9 

.0 00 0 

.0001 

6.8 

3.8 7 3 7 

1.0 0 0 0 

D 0 0 4 

.0 00 0 

.0000 


P = - 0 . 325 , S „ = - 0.8 


f ' 

f " 

S 

S ' 

0 

0.0 4 9 3 

- 0.3 2 5 0 

0.2 5 4 5 

.0113 

.0 6 4 0 

- .7 4 9 1 

.2 5 4 5 

.0 2 5 8 

.0819 

- .6 9 3 8 

.2 5 4 4 

.0 4 4 2 

.10 2 9 

- .6 4 7 4 

.8 5 4 0 

.06 7 2 

.12 6 9 

- .5 9 6 6 

.2 5 3 1 

.09 5 2 

.15 3 5 

- .5 4 6 2 

.2516 

.12 8 7 

.16 8 1 

- .4 9 6 1 

.2 4 9 1 

.16 8 1 

.2181 

- .4 4 6 6 

.8 4 5 4 

.2135 

.8 4 8 3 

- .3 9 8 0 

.2 4 0 1 

.26 4 9 

.2714 

- .3 5 0 7 

.2 3 2 9 

.3219 

.2 9 7 3 

-.3 0 5 0 

.2 2 3 6 

.3 8 3 7 

.3196 

-.2 6 14 

.2118 

.4 4 9 3 

.3 3 4 9 

- .2 2 0 4 

.19 7 7 

.5172 

.3 4 2 0 

- .1 a 2 5 

.18 12 

.5 8 5 5 

.3 3 9 6 

-.14 8 1 

.16 8 6 

.6 52 3 

.3 2 7 2 

- .1 1 7 6 

.14 8 6 

.7157 

.3 0 5 2 

- .0 9 1 1 

.12 18 

.7 7 3 8 

.2 7 4 9 

- .0 6 8 8 

.10 12 

.82 5 3 

.2 3 8 8 

- .0 5 0 6 , 

.0815 

.66 9 1 

.19 9 6 

- .0 3 6 1 

.0 6 3 5 

.9 0 5 2 

.16 0 4 

- 43 2 5 0 

.0 4 7 7 

.9 33 5 

.12 3 6 

- D 1 6 8 

.0 3 4 6 

.95 4 9 

.0914 

- .0 1 1 0 

.0 2 4 2 

.970 5 

.0 6 4 8 

- .0 0 7 0 

.0163 

.9612 

.0 4 4 0 

- D 0 4 3 

.0105 

-.9 8 8 4 

.0 2 87 

- 43 0 2 7 

.0 0 6 5 

.9 9 3 0 

.0179 

- 43 0 1 6 

.0 0 3 9 

.9 95 9 

.0108 

- 43 0 1 0 

.0 0 2 3 

.9 9 7 5 

.0 0 6 2 

- 43 0 0 7 

.0013 

.9 98 4 

.0 0 3 0 

- jO 0 0 5 

.0 0 0 6 

.999 1 

.0 0 2 4 

- jO 0 0 4 

.00 0 5 
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TABLE 1. - Continued. SIMILAR SOLUTIONS OF LAMINAR COMPRESSIBLE BOUNDARY -LAYER EQUATIONS. 


s = - 0 . 3265 , s „ = - 0.8 

V 

f 

f ' 

f " 

S 

s 

0 

0 

0 

0.1 1 0 0 

- 0.8 0 0 0 

0.2 8 1 8 

£ 

.00 2 3 

.0 2 3 4 

.12 5 0 

- .7 4 3 6 

.2818 

A 

.00 9 6 

.0 50 2 

.14 3 4 

- .6 8 7 3 

.2815 

.6 

.022 6 

.0810 

.16 5 0 

- .6 3 1 1 

.2 8 0 6 

.8 

.0 4 2 3 

.116 4 

.18 9 3 

- ,5 7 5 1 

.2 7 8 8 

1.0 

.069 6 

.15 6 9 

,2156 

- .5 1 9 6 

.2 7 5 8 

1.3 

.10 5 4 

.2 02 7 

.2 4 2 8 

- .4 6 4 9 

.2710 

Km 

.1510 

.2 5 4 0 

.2 6 9 8 

-.4 114 

.2 6 4 2 


.207 4 

.3 10 5 

.2 9 48 

- .3 5 9 4 

.25 4 9 

1.8 

.275 5 

.3716 

.3162 

- .3 0 9 6 

.2 4 3 0 

2.0 

.356 3 

.4 366 

.3319 

- .2 6 2 4 

.22 8 1 

2.2 

.4 50 3 

.5 0 39 

.340 1 

- .2 1 8 5 

.2105 

E a 

.5 57 9 

.57 20 

.3 39 5 

- .1 7 8 4 

.19 0 4 

i a 

.6 79 1 

.6 39 1 

.32 9 2 

- .1 4 2 5 

.16 8 3 

2.8 

.8134 

.70 3 1 

.30 9 3 

- .1 1 1 1 

.14 5 0 

3.0 

.9600 

.7622 

.2810 

- .0 8 4 5 

.12 15 

3.2 

1.1 1 7 8 

.8151 

.2 4 63 

- .0 6 2 5 

.0 98 7 

3.4 

1.2 8 5 5 

.860 5 

.2 0 79 

- .0 4 4 9 

.0 77 6 

3.6 

1.4 6 1 5 

.898 1 

.16 87 

- .0 3 1 3 

.0 59 0 

3.8 

1.6 4 4 3 

,928 1 

.13 14 

- .0 2 1 1 

.0 4 3 2 

4.0 

1.8 3 2 3 

.9510 

.0 9 8 2 

- ,0 1 3 8 

.03 0 5 

4.2 

2.0 2 4 2 

.967 8 

.0 70 4 

- .0 0 8 7 

.0 20 7 

4.4 

2.2 1 9 0 

.97 9 5 

.0 4 83 

-.0 0 5 3 

.0136 

4.6 

2.4 1 5 8 

.987 5 

.0318 

-.0 0 3 2 

.00 8 5 

4.8 

2.6 1 3 8 

.992 6 

.0 20 1 

-.0 0 18 

.00 52 

5.0 

2.8 1 2 7 

,99 5 7 

.0121 

-.0 0 10 

.00 3 0 

5.2 

3.0 1 2 1 

.99 7 6 

.0071 

-.0 0 0 5 

.0017 

5.4 

3.2 1 1 7 

.998 7 

.00 39 

-.0 00 3 

.00 0 9 

5.6 

3.4 1 1 5 

.999 3 

.0021 

-.0 0 0 2 

.0 0 0 5 

5.8 

3.6 1 1 4 

.9996 

.0011 

-.0 0 0 1 

.00 0 2 

6.0 

3.8 1 1 3 

.99 9 8 

.0006 

-.0 0 0 1 

.00 0 1 

6 J 3 

4,0 1 1 3 

.999 9 

.0002 

.0 00 0 

.000 0 



8 = - 0.3285 

S „= - 0.8 



HU 

f 

f ' 

f " 

s 

S' 


0 

0 

0.0 6 9 3 

- 0.8 0 0 0 

0.2 6 4 4 

.2 

.0015 

.0153 

.0 8 4 2 

-.7 4 7 1 

.2 6 4 4 

.4 

.00 6 3 

.0 3 3 9 

.10 2 4 

-.6 9 4 3 

.2 6 4 2 


.015 3 

.0 5 65 

.12 3 8 

-.6 4 15 

.2 6 3 6 

.02 9 2 

.0 8 3 6 

.14 8 2 

-.5 8 8 8 

.26 25 

1.0 

.0 4 9 1 

.115 9 

.17 5 0 

-.5 3 6 5 

.2605 

L 2 

.07 6 0 

.15 3 8 

.2 0 36 

-.4 8 4 7 

.25 7 3 

L 4 

.1110 

.19 7 4 

.2 3 31 

-.4 3 3 7 

.2 5 2 5 

1.6 

.15 5 3 

.2 4 70 

.26 2 1 

-.3 8 3 8 

.24 5 9 

1.8 

.2101 

.30 2 1 

,2 8 9 2 

-.3 3 5 5 

,2 3 7 1 

ao 

.27 6 5 

.36 2 4 

.3125 

-.2 8 9 2 

.2259 

a 2 

.3 55 4 

.4 26 7 

.3 30 1 

-.2 4 5 3 

,2121 

a 4 

.4 4 7 4 

.4 9 3 9 

.3 4 0 1 

-.2 0 4 5 

.19 5 8 

a 6 

.5 5 3 0 

,562 2 

.3412 

-.16 7 1 


as 

.6 72 2 

.6 29 7 

.3 3 2 4 

-.13 3 7 


3.0 

.80 4 7 

.69 4 5 

.3138 

-.10 4 5 


3.2 

.9 4 9 7 

.75 4 6 

.2 8 6 3 

-.0 7 9 6 

.113 6 

3,4 

1.1 0 6 1 

.8 08 5 

.2 5 20 

-.0 5 9 0 

.0 9 2 5 

3.6 

1.2 7 2 7 

.8 5 5 2 


- .0 4 2 5 

.0729 

3.8 

1.4 4 7 7 

.8 9 3 9 


-.0 2 9 7 

.0 55 6 

4.0 

1.6 2 9 7 

.9 2 4 9 


-.0 20 1 

.0408 

4.2 

1.8 1 7 2 

.9 4 8 7 

.10 2 2 

- .0 1 3 1 

.0289 

44 

2.0 0 8 8 . 

.96 6 2 

.0 7 35 

-.0 0 8 3 

.0197 

4.6 

2.2 0 3 3 

.97 8 5 

.0 50 7 

- .0 0 5 1 

.0129 

4.8 

215 9 9 9 

.98 6 8 

.0 3 35 

- .0 0 3 0 

.0082 

5.0 

2.5 9 7 a 

.992 2 

.0212 

- .0 0 1 7 

.00 50 


2.7 9 6 7 

.9956 

.0129 

-.0 0 10 

.0029 

in 

2.9 9 6 0 

.997 6 

.0 0 7 5 

-.0 0 0 5 

.0016 


3.1 9 5 6 

.998 7 

.0 0 4 2 

- .0 0 0 3 

.0009 

5.8 

3.3 9 5 4 

.99 9 4 

.0 023 

-.0 0 0 1 

.0005 

6.0 

3.5 9 5 4 

.999 7 

.0012 

-.0 0 0 1 

.0002 

6.2 

3.7 9 5 3 

.999 9 

.0006 

.0 00 0 

.0001 

6.4 

3,9 9 5 3 

.999 9 

.0003 

.0 0 0 0 

.0000 

6.6 

4.1 9 5 3 

1.0 0 0 0 

.0001 

.0000 

.0000 

6.8 

4.3 9 5 3 

1.0 0 0 0 

iO 0 0 1 

.0000 

.0 0 0 0 

m 

4.5 9 5 3 

ID 0 00 

,0000 

.0 00 0 

.0000 


4.7 9 5 3 

ID 0 0 0 

.0000 

.0000 

.0 00 0 


W 
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TABLE 1. - Continued. SIMILAR SOLUTIONS OF 




8 = - 0 . 325 , S„ = -0 

8 


n 

f 

f ' 

f M 

S 

S‘ 

0 

0 

0 

0.1 3 5 3 

- 0.8 0 0 0 

0.29 13 

.3 3.7 9 

.008 0 

.0 5 0 

.16 2 3 

- .7 0 1 5 

.29 11 

.62 10 

.02 8 9 

.10 0 

.19 2 2 

- .6 1 9 2 

.28 97 

.8 63 2 

.05 9 0 

.1 5 0 

.2214 

- .5 4 9 4 

.28 66 

10 7 61 

.0 9 6 1 

.2 0 0 

.2 4 87 

- .4 8 8 8 

.28 19 

1.2 6 7 7 

.13 9 1 

.2 5 0 

.2 7 32 

-.4 3 5 3 

.2 7 57 

1.4 4 3 9 

.18 7 5 

.3 0 0 

.2 944 

- .3 8 7 4 

.2 6 79 

1.6 0 8 7 

.2410 

.3 5 0 

.3 120 

- .3 4 4 0 

.2 5 87 

1.7 6 5 4 

£9 9 7 

.4 0 0 

.3 2 5 8 

- .3 0 4 2 

.2 4 79 

1.9 1 6 5 

.36 3 9 

.4 5 0 

.3 3 54 

-.2 6 7 7 

.2 3 59 

2.0 6 4 3 

.4 3 4 1 

.5 0 0 

.34 06 

- .2 3 3 8 

.2 2 24 

2.2 1 0 8 

.5110 

.5 5 0 

•3412 

-.2 0 2 3 

.20 75 

2.3 5 8 2 

.59 5 8 

.6 0 0 

.3 3 66 

-.17 2 9 

.19 13 

2.5 0 8 8 

.68 9 9 

.6 5 0 

.3 2 65 

-J. 4 54 

.1 7 37 

2.6 6 5 6 

.79 5 8 

.7 0 0 

.3103 

-J. 197 

.1 5 45 

2.8 3 2 7 

S 1 7 0 

.7 5 0 

.2 8 74 

-.09 56 

.1 3 39 

3.0 1 6 1 

1.0 5 9 2 

.8 0 0 

.2 56 9 

- .0 7 3 1 

.1118 

3.2 2 68 

1.2 3 3 2 

.8 5 0 

.2172 

- .0 5 2 1 

.0 8 78 

3.4 8 7 6 

1.4 6 1 8 

.9 0 0 

.16 6 3 

- .0 3 2 8 

.0 6 18 

3.5 5 0 0 

1.5 1 8 2 

.9 10 

.1544 

-.0 2 91 

.0 5 63 

3.6 1 7 5 

1.58 0 0 

.9 2 0 

.14 19 

- .0 2 5 5 

.0 5 07 

3.6 9 1 5 

1.6 4 8 4 

.9 3 0 

.12 86 

- .0 2 1 9 

.0 4 50 . 

3.7 7 3 7 

1.7 2 5 3 

.9 4 0 

.114 6 

-.0 18 5 

.0 3 92 

3.8 6 7 2 

1.8 1 3 6 

.9 5 0 

.0 996 

-■.0 151 

.0 3 32 

3.9 1 9 4 

1.8 6 3 4 

.9 5 5 

.0918 

- .0 1 3 4 

.0 3 02 

3.9 7 6 4 

1.9 1 8 0 

.9 6 0 

.0 83 6 

- .0 1 1 8 

4 ) 2 71 

4.0 3 9 4 

1.9 7 8 6 

.9 6 5 

.0752 

-.0 10 2 

4D 2 39 

4J . 1 0 1 

2.0 4 7 0 

.9 7 0 

.0 66 4 

- .0 0 8 6 

4 ) 2 08 

4J . 9 1 1 

2.1 2 5 8 

.9 7 5 

.0 572 

- .0 0 7 1 

.0 176 

4.2 8 67 

2.2 1 9 2 

.9 8 0 

.0 475 

- .0 0 5 6 

.0 143 

4.4 0 5 0 

2.3 3 5 4 

.9 8 5 

.0 37 3 

- .0 0 4 1 

.0 109 

4.5 6 3 2 

2.4 9 1 7 

.9 9 0 

.0 2 63 

- .0 0 2 6 

.0 0 74 

4.6 0 2 9 

2.5 3 1 0 

.9 9 1 

.0 24 0 

- .0 0 2 4 

.0 0 67 

4.6 4 6 6 

2.57 4 3 

.9 9 2 

.02 17 

-.0 021 

.0 0 60 

4.6 9 5 3 

2.6 2 2 8 

.9 9 3 

.0193 

- .0 0 1 8 

.0 0 53 

4.7 5 0 7 

2.6 7 7 7 

.9 9 4 

.0168 

-.0 015 

.00 46 

4.8 1 4 8 

2.7 4 1 5 

.9 9 5 

.0143 

-.0 013 

.00 38 

4.8 9 1 5 

2.8 1 7 8 

.9 9 6 

.0117 

-.0 0 10 

.0 0 31 

4.9 8 7 6 

2.9 1 3 6 

.9 9 7 

.0 09 1 

-.0 0 0 7 

.0 0 24 

5.1 1 8 6 

3.0 4 4 3 

.9 9 8 

.00 6 3 

-.0 0 0 5 

.0016 

5.3 3 19 

3.2 5 7 3 

.9 9 9 

4 ) 0 3 3 

-.0 00 2 

.0008 

6.4 2 5 5 

4.3 5 0 6 

1.0 0 0 

.0 0 00 

-iO 0 0 0 

.0 0 00 


COMPRESSIBLE BOUNDARY -LAYER EaUATIONS 




to 

o 

1 

II 

cn. 

S „= - 0.8 



n 

f 

f ' 

f " 

s 

S ' 

0 

0. 

0 

0.2 0 8 6 

- 0.8 0 0 0 

0.3 1 5 4 

.23 10 

J ) 0 5 6 

.0 5 0 

.2 2 48 

- .7 2 7 1 

.3154 

.4 4 4 7 

.0215 

.10 0 

.24 35 

- .6 5 9 7 

.3146 

.64 2 3 

.0461 

.15 0 

.26 29 

- .5 9 7 8 

.3126 

.8259 

D 7 8 2 

.2 0 0 

.2 8 19 

-.5 4 0 7 

.3 09 1 

.9 97 9 

.116 8 

.2 5 0 

.29 95 

-.4 8 7 9 

.304 0 

1.1 6 0 5 

.16 15 

.3 0 0 

.3151 

-.4 39 0 

.2 97 3 

1.3 1 5 9 

.2120 

.3 5 0 

.32 8 0 

-.3 9 3 4 

.2 88 8 

1.4 6 6 0 

.2 662 

.4 0 0 

.33 80 

-.3 5 0 7 

.2 78 6 

1.6 1 2 4 

.3 30 4 

.4 5 0 

.34 45 

-.3 10 8 

.2 66 7 

1.7 5 6 8 

.3 990 

.5 0 0 

.34 72 

- .2 7 3 2 

.2 53 0 

1.9 0 1 0 

.4 747 

.5 5 0 

.3 4 57 

- .2 3 7 8 

.2 37 6 

2.0 4 6 8 

.5 586 

.6 0 0 

.33 9 5 

- .2 0 4 4 

.220 4 

2.1 9 6 4 

.6521 

.6 5 0 

.32 82 

- .1 7 2 9 

.2 013 

2.3 5 2 6 

.7 576 

.7 0 0 

.3111 

-.14 3 1 

.180 4 

2.5 1 9 4 

.8 786 

.7 5 0 

D 8 7 5 

- .1 1 4 9 

.15 7 4 

2.7 0 3 0 

1.0 2 1 0 

.8 0 0 

43 5 6 5 

- .0 8 8 3 

.132 2 

2.9 1 4 2 


.8 5 0 

.2166 

- .0 6 3 3 

.104 6 

3.1 7 5 9 


.9 0 0 

.16 57 


.0 74 3 

3.2 3 8 5 

1.4 8 1 3 

.9 10 

.15 3 8 


.0678 

3.3 0 6 3 

1.5 4 3 3 

.9 2 0 

.14 13 

- .0 3 1 2 

.0612 

3.3 8 0 6 

1.6 1 2 0 

.9 3 0 

.12 81 

-.0 2 6 9 

.054 5 

3.4 6 3 1 

1.6 8 9 2 

.9 4 0 

.114 1 

- .0 2 2 7 

.0475 

3.5 5 6 9 

1.7 7 7 9 

.9 5 0 

.0 9 92 

- .0 1 8 6 

.0 40 4 

3.6 0 9 4 

1.8 2 7 9 

. .9 5 5 

.0914 

- .0 1 6 6 

.0 36 7 

3.6 6 6 7 

1.8 8 2 7 

.9 6 0 

.0 8 33 

- .0 1 4 6 

.0 3 30 

3.7 2 9 9 

1.9 4 3 6 

.9 6 5 

.07 49 

- -.0 1 2 6 

.029 3 

3.8 0 1 0 

2.0 1 2 3 

.9 7 0 

.0 6 61 

- .0 1 0 7 

.025 4 

3.8 8 2 3 

2.0 9 1 5 

.9 7 5 

iO 5 6 9 

- .0 0 8 8 

.02 15 

3.9 7 8 4 

2.1 8 5 4 

.9 8 0 

.0 4 7 3 


.0175 

4.0 9 7 2 

2.3 0 2 2 

.9 8 5 

.03 71 


.0134 

4.25 6 2 

2.4 5 9 2 

.9 9 0 

.0 2 62 


.0 09 3 

4.2 96 1 

2.4 9 8 6 

.9 9 1 

.0 2 39 


.008 3 

4.3 4 0 0 

2.5 4 2 2 

,9 9 2 

.0216 

- .0 0 2 6 

.0 07 4 

4.3 8 9 0 

2.5 9 0 8 

.9 9 3 

.0 192 

- .0 0 2 2 

.0 0 6 5 

4.4 4 4 6 

2.6 4 6 0 

.9 9 4 

.0 167 

- .0 0 1 9 

.0 05 6 

4.5 0 9 0 

2.7 10 1 

.9 9 5 

.0142 

-.00 16 

.0 04 7 

4.5 86 0 

2.7 8 6 8 

.9 9 6 

.0 117 

- .0 0 1 2 

.003 8 

4.6 8 2 7 

2.8 8 3 1 

.9 9 7 

.00 9 0 

-D 0 0 9 

.0 02 9 

4.8 1 4 3 

3.0 1 4 4 

.9 9 8 

.00 62 

- .0 0 0 6 

.0 020 

5.0 2 8 7 

32 28 5 

.9 9 9 

.0 0 33 

- .0 0 0 3 

.0010 

6.1 2 7 0 

4>3 2 6 5 

ID 0 0 

.0000 

- .0 0 0 0 

.0 000 
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TABLE 1. - Continued. SIMILAR SOLUTIONS 


P = -0.14, S„ = -0.8 



1.9 6 3 6 
2.1 4 1 7 
2.3 4 8 9 

2.6 07 7 
2.6 6 9 9 


2.8 1 1 6 

2.8 9 4 1 

25 8 7 9 
343 4 0 5 
3.0 97 9 


3.3 

3.4 


3.5 3 0 5 

3 £ 90 5 
3.7 3 0 6 


3.8 3 4 3 
3a 8 0 3 


5 2 


4 43 3 2 8 
4 J . 3 0 1 


0 0 3 2 
0 12 8 
0 2 8 6 
0 5 0 5 

.0 78 4 
.112 4 
.15 2 4 
.19 8 7 
.2516 

.3116 
.3 79 5 
.4 56 2 
.5 4 3 2 
.6 4 29 


.7 5 8 9 
.8 97 1 
1.0 6 8 2 


1.4 8 1 7 

1.5 5 8 a 

1.6 4 7 5 

1.6 97 6 

1.7 5 2 6 

1.8 1 3 8 

1.8 8 2 8 

1.9 6 2 3 

2.0 5 6 6 

2.1 7 4 1 

2.3 3 2 0 

2.3 7 1 8 

2.4 1 5 8 


2.5 2 0 4 
2.5 8 4 9 


2.7 5 9 1 

2.8 9 1 2 
6 2 



0.3 8 4 1 
.3 6 82 
9 2 6 

3 9 7 0 

4 0 0 9 

4 0 3 9 
4 0 5 7 
4 0 5 8 
4 0 3 9 
9 9 6 

9 2 5 
3 8 2 2 
3 6 8 2 
35 00 
2 6 9 




.29 84 
,26 33 
,2 2 0 2 

,16 69 
,15 4 7 
,14 19 
,12 8 5 
,114 3 

.0 9 92 
.0913 
.0 8 31 
.07 47 
.06 59 
.0 5 67 
,0 4 71 
.03 69 

.02 60 
.0 2 37 
.0214 
.0191 
.0166 

.0142 
.0116 
.00 90 
.0062 
.00 33 


- 0.8 0 0 0 

0.3 5 9 

- .7 5 3 5 

.3 5 9 

- .7 0 7 5 

.3 5 9 

- .6 6 2 2 

.3 5 8 

- .6 1 7 4 

.3 5 6 

- .5 7 3 4 

.3 5 3 

- .5 3 0 0 

.3 4 9 



.13 4 9 
.0 9 9 5 

.0 65 0 
.0 58 2 
.0515 
.0 4 4 8 
.0 38 1 

.0316 
.0 28 3 
.0 25 0 
.0218 
.0186 
.0154 
.0122 
.00 9 1 

.0 0 6 0 
.0 0 5 4 
.00 4 7 
.00 4 1 
.00 3 5 

.002 9 
.002 3 
.0017 
.0011 
.0 0 05 


.18 9 0 
.15 4 0 

.114 0 
.105 0 
.0 95 0 
.0860 
.0 76 0 

.0 6 50 
.0600 
.0 540 
.048 0 
.0 420 
.0 36 0 
.0 300 
.0230 

.0160 
.0 150 
.0130 
.0120 
.0100 

.0 09 0 
.0 070 
.0050 
.004 0 
.0020 



LAMINAR COMPRESSIBLE BOUNDARY -LAYER EQUATIONS. 


.0019 
.00 77 
a 1 77 
a 3 1 8 

.05 0 4 
.07 37 
.10 2 0 
.13 57 
.17 5 5 

.2219 
.2 7 59 
.338 7 
.4119 
.49 79 

.6 006 
.7 2 58 
.88 4 8 





1.8 5 0 1 
1 . 9 . 6 7 8 



5.0 2 5 7 


2.5 5 8 6 

2.6 9 2 5 
2.9 1 0 9 

4.0 3 0 7 


10 07 
0 9 2 5 
0 8 4 0 
0 7 5 2 
0 6 6 2 
0 5 6 8 
0 4 7 0 


0 2 5 8 
0 2 3 5 


.0189 

.0165 

.0140 
.0115 
.0 088 
.0 0 61 
•0 0 32 


s 

S' 

-oa 000 

- .7 6 9 0 

- .7 3 7 5 

- .7 0 5 6 

0.4 0 3 
.4 0 3 
.4 0 3 
.4 0 3 

- .6 7 3 1 

.4 0 

2 

- .6 4 0 0 

.4 0 

1 

- .6 0 6 3 

.3 9 

9 

- .5 7 1 7 

.39 

6 

- B363 

.3 9 

1 

- a 0 0 0 

.3 8 

6 

- .4 6 2 7 

.3 7 

9 

- .4 2 4 3 

.3 6 

9 

- 3 8 4 8 

.3 5 

7 

-.3 4 3 9 

.3 4 

2 

-.3 016 

.3 2 

3 

- .2 5 7 7 

.29 

8 

- .2 1 1 9 

.26 

8 

- J. 64 1 

.23 0 

- .1 1 3 7 

.16 

0 

-.103 2 

.1 6 

9 

-.0 9 2 6 

.1 5 

6 

- .0 8 1 9 

.1 4 

3 

- .0 7 1 0 

.1 2 

8 

- .0 5 9 9 

.11 

3 


.0 48 6 
.0 4 29 
.0 3 71 
.0 312 
.0 2 52 
.0192 

.0130 
.0117 
a 1 0 5 
.0 092 
.0 07 9 

a 0 6 6 
a 0 5 3 

a 04 0 
- a 027 
-a 01 3 

a 0 0 0 



cn 


MCA TN 3325 



































TABLE 1. - Continued. SIMILAR SOLUTIONS OF 




P = 1 . 5 , 

S „ = - 0.8 



ri 

f 

f ' 

f " 

s 

S ' 

0 

0 

0 

0-8 6 8 9 

- 0.8 00 0 

0.4 2 61 

.0 581 

.0014 

.0 5 0 

.8 5 04 

- .7 7 5 2 

-4 2 61 

;L 1 7 6 

.00 5 9 

.10 0 

.8 296 

- .7 4 9 8 

.4 2 60 

.17 8 8 

.0136 

,15 0 

.8 0 6 5 

- .7 2 3 8 

.4 2 58 

.3418 

.02 4 6 

.2 0 0 

.7812 

- .6 9 7 0 

.4 2 53 

.3 0 69 

.0 3 9 3 

.2 5 0 

.7 5 37 

- 3 6 9 3 

.4 2 45 

.374 6 

.0 58 0 

.3 0 0 

.7 2 40 

- 3 4 0 6 

.4 2 31 

.4 45 3 

.0810 

.3 5 0 

.6 922 

- .6 1 0 a 

.4211 

.5194 

.10 8 8 

3 0 0 

.65 8 2 

- .5 7 9 7 

.4 182 

.5 975 

.14 2 1 

.4 5 0 

.6 2 2 1 

- .5 4 7 1 

.4142 

.6 8 05 

.18 15 

.5 0 0 

.5 838 

-.5 13 0 

.4 0 88 

.7 694 

3 2 8 3 

.5 5 0 

.5 4 32 

- .4 7 7 0 

.4015 

.8 65 3 

38 3 6 

3 0 0 

.5 00 3 

- .4 3 8 9 

.39 19 

.97 0 1 

.34 91 

•6 5 0 

.4 54 7 

- .3 9 8 5 

.3 7 92 

1.0 8 6 4 

.4 277 

.7 0 0 

.4 0 64 

-.3 5 54 

.3 6 25 

l.R 17 9 

.5 2 3 2 

.7 5 0 

.35 4 9 

-.3 092 

.3 4 06 

1.3 7 11 

.6 4 2 0 

.8 0 0 

.2 998 

-.2 5 92 

.3117 

1.5 5 7 2 

.79 58 

.8 5 0 

.2 4 02 

-.2 04 9 

.2 7 29 

1.7 9 9 9 

1.0 0 8 5 

3 0 0 

.17 4 4 

-.14 52 

.2 1 95 

1.8 5 9 7 

1.0 6 27 

.9 10 

.16 03 

-.13 2 4 

.2 0 63 

1.9 3 5 2 

1.1 2 2 6 

.9 2 0 

.14 5 8 

-.1194 

.19 21 

1.9 9 77 

1.1 8 9 7 

.9 3 0 

.13 08 

-.106 1 

.1 7 67 

3.0 7 9 0 

1.2 6 5 7 

.9 4 0 

.1154 

-.0 9 2 4 

.15 99 

2.1 7 3 4 

1.3 5 4 0 

.9 5 0 

.099 3 

- .0 7 8 4 

.14 16 

2.2 3 5 0 

1.4 0 4 1 

.9 5 5 

.0910 

- .0 7 1 2 

.13 17 

2.2 8 2 7 

1.4 5 9 4 

.9 6 0 

.0 8 2 5 

-.0 6 3 9 

.12 13 

2.3 4 6 9 

1.5 2 1 2 

.9 6 5 

.0 738 

- .0 5 6 5 

.1 1 03 

2.4 1 9 3 

1.59 1 2 

.9 7 0 

.0 64 8 

-.0 4 8 9 

.0 9 86 

2.5 0 2 5 

1.67 2 1 

.9 7 5 

.0 555 

-.0 4 13 

.0 8 61 

2.6 0 1 3 

1.7 6 8 7 

.9 8 0 

.0 45 9 

-.0 3 3 5 

.0 7 26 

2.7 2 4 0 

1.88 9 3 

.9 8 5 

.0 3 5 8 

- .0 2 5 5 

.0 5 80 

2.8 8 9 1 

2.0 5 2 4 

.9 9 0 

.0 2 5 2 

-.0 17 3 

.0 4 19 

2.9 3 0 7 

2.09 3 5 

.9 9 1 

.0 22 9 

- .0 1 5 6 

.0 3 85 

3.9 7 6 4 

2.1 3 8 9 

.9 9 2 

.0 2 07 

-.0 13 9 

.0 3 49 

3.0 2 7 6 

2.13 9 7 

.9 9 3 

.0184 

-.0 12 2 

.0 3 13 

3.0 8 5 6 

2.2 4 7 3 

.9 9 4 

.0160 

-.0 10 5 

.0 2 75 

3.1 5 3 0 

2.3 1 4 4 

.9 9 5 

.0136 

-.0 0 8 8 

.0 2 36 

3.2 3 3 6 

2.3 9 4 6 

.9 9 6 

.0112 

-.0 071 

.0 1 95 

3.3 3 4 7 

2.4 9 5 3 

.9 9 7 

.0 0 86 

-.0 0 54 

.0 1 52 

3.4 7 24 

2.6 3 2 7 

.9 9 8 

.00 60 

-.0 03 6 

.0 107 

3.6 9 64 

2.8 5 6 4 

.9 9 9 

.00 3 2 

-.0 018 

.0 0 58 

43 3 6 2 

3.9 9 5 9 

1.0 0 0 

.0 00 0 

.0 00 0 

.0 0 00 


LAMINAR COMPRESSIBLE BOUNDARY-LAYER EQUATIONS 




p = 2 . 0 , 

S „ = - 0.8 



T ) 

f 

f ' 

f" . 

s 

S ' 

0 

0 5 3 3 

0 

:o 0 13 

0 

.0 5 0 

0.9 4 8 0 
.92 55 

-03 00 0 
- .7 7 6 8 

0.4 3 31 
.4 3 31 

i 0 8 1 

.00 54 

.10 0 

.90 03 

- .7 5 3 1 

.43 30 

i 6 4 5 

.0125 

.15 0 

.87 2 4 

- .7 2 8 7 

.4 3 29 

.2229 

.0227 

.2 0 0 

.8 4 21 

- .7 0 3 5 

,4 3 24 

2 8 3 4 

.03 6 4 

.2 5 0 

.8 094 

- j 677 3 

.4317 

'3 4 6 6 

.0 53 8 

.3 0 0 

.77 4 3 

- .6 5 01 

.4 3 05 

*4128 

.07 5 4 

.3 5 0 

.7 3 70 

- jS 216 

.4 2 87 

*4826 

.10 16 

.4 0 0 

.6 97 5 

-.5918 

.4 2 61 ■ 

[5 5 65 

.13 3 1 

.4 5 0 

.6 5 5 8 

-.5 604 

.4 2 25 

6 3 5 5 

.17 0 6 

.5 0 0 

.6121 

-.527 3 

.4 1 75 

*7205 

.2153 

.5 5 0 

.5 66 2 

- .4 9 2 1 

.4 108 

1 2 9 

.26 8 6 

.6 0 0 

.5181 

- .4 5 4 6 

.4 0 19 

.9144 

.33 21 

.6 5 0 

.4 678 

- .4 1 4 4 

.3 8 98 

1.0 2 7 8 

.4 08 7 

.7 0 0 

.4152 

-.37 11 

.3 7 38 

IJ . 5 70 

.502 5 

.7 5 0 

.3 6 00 

- 32 4 2 

.3 5 25 

1.3 0 8 6 

.6 20 2 

.8 0 0 

.3 019 

-^729 

.3 2 39 

1.4 9 4 1 

.77 3 5 

.8 5 0 

.2 4 01 

-.2 16 6 

.2 8 48 

1.7 3 77 

.9870 

soo 

.17 3 2 

- J . 53 9 

.2 2 99 

1.7 9 8 0 

1.0 4 1 5 

Sio 

.15 90 

- .1 4 0 5 

.2 1 63 

13 6 4 0 

1.1 0 2 0 

.9 2 0 

.14 4 5 

- .1 2 6 7 

.2016 

1.9 3 7 2 

1.1 6 97 

.9 3 0 

.12 9 6 

- J . 1 2 5 

.18 56 

2.0 1 9 3 

1.2 4 6 5 

.9 4 0 

.114 2 

- .0 9 8 0 

.1 6 80 

24 . 1 37 

1.3 3 5 7 

.9 5 0 

.098 2 

- .0 8 3 1 

.14 88 

24 670 

1.3 8 6 4 

.9 5 5 

.0 9 00 

- .0 7 5 4 

.1 3 84 

2.2 2 5 4 

1.4 4 2 4 

.9 6 0 

.0815 

- .0 6 7 7 

.12 74 

23 90 3 

1.50 4 8 

.9 6 5 

.0 72 9 

- .0 5 9 8 

.1158 

2.3 6 3 6 

1.57 5 8 

.9 7 0 

.0 640 

- .0 5 1 8 

.10 35 

2.4 4 7 7 

1.6 57 6 

.9 7 5 

.0 54 9 

- .0 4 3 7 

.09 04 

23 4 76 

1.7 5 5 3 

.9 8 0 

.04 54 

- .0 3 5 3 

.0 7 62 

237 18 

1.8 7 7 3 

.9 8 5 

.0 354 

- .0 2 6 9 

.06 08 

23 3 8 7 

2.0 4 2 1 

.9 9 0 

.0 24 9 

- 4 ) 182 

.0 4 38 

23 8 0 6 

2 0 8 3 7 

.9 9 1 

.0 2 27 

- 4 ) 1 6 4 

.04 02 

2.9 2 6 9 

2.1 2 9 5 

.9 9 2 

.0 2 05 

- 4 ) 1 4 6 

.03 65 

23 7 8 5 

2.1 8 0 8 

.9 9 3 

.0182 

- 4 ) 129 

.0 3 26 

33371 

2.2 3 9 0 

.9 9 4 

.0159 

-O 1 1 1 

.0 2 88 

34051 

2.3 0 6 6 

S9 5 

.0135 

-0 09 3 

.0 2 46 

34864 

2.3 8 7 5 

.9 9 6 

- .0 1 1 1 

-0074 

.0 2 03 

33883 

2 4 8 9 1 

.9 9 7 

.00 8 6 

- .0 0 5 6 

.0 158 

3.4 2 70 

2 6 2 7 4 

S 98 

.00 5 9 

-0037 

.0111 

33526 

2.8 5 2 7 

S99 

.0 0 31 

-0019 

.0 0 60 

4.7 9 5 8 

3.9 9 5 6 

1.0 0 0 

.0 0 00 

O 000 

,0 0 00 
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TABLE 1. 


Continued. SIMILAR SOLUTIONS OF LAMINAR 



P = - 0 . 2350 , 

Sw = - 0-4 


1 

V 

r 

f ' 

f " 

S 

S ' 

0 

0 

0 

- 0.0 5 0 0 

- 0.4 0 0 0 

0.1 1 0 7 


- .0 0 0 8 

- .0 0 7 1 

-.0 2 13 

-.3 7 7 9 

.110 7 

.4 

- .0 0 2 5 

- .0 0 8 4 

.0 0 8 5 


.110 7 

.6 

- .0 0 3 8 

- .0 0 3 7 

.0 3 9 3 

-.3 3 3 6 

.110 8 

•G 

- .0 0 3 5 

- .0 0 7 3 

.0712 

-.3 114 

.110 8 

1.0 

- .0 0 0 4 

.0 2 4 9 

.10 4 1 

-.2 89 3 

.110 9 

1.2 

.0 0 6 9 

.0 4 9 0 

.13 7 9 

- .2 6 7 1 

.110 8 

1.4 

.0197 

.0 8 0 0 

.17 2 2 

- .2 4 4 9 

.110 6 

1.6 

.0 3 9 3 

.117 9 

.2 0 67 

- .2 2 2 9 

.10 9 9 

1.8 

.0 67 3 

.16 2 7 

.2 4 0 4 

- .2 0 1 0 

.10 8 8 

2.0 

.10 4 8 

.2140 

.2 7 24 

-.17 9 4 

.10 6 9 


.15 3 3 

.2714 

.3013 

- .1 5 8 3 

.10 4 2 

2.4 

.2138 

.3 3 4 2 

.3 2 5 6 

-.137 8 

.i 0 0 5 

2.6 

'.2 8 7 3 

..4 0 12 

.3 4 3 4 

- .1 1 8 2 

.0956 

2.8 

.3 7 4 5 . 

.4710 

.3 5 3 3 

- .0 9 9 6 

.0895 

3.0 

.4 7 5 7 

.5419 

.3 5 3 9 

-.0 8 2 5 

.0 8 22 

3.2 

.5912 

.6119 

.3 4 4 5 

-.0 6 6 8 

.0 739 

3.4 

.7 2 0 3 

.67 9 1 

.3 2 5 2 

-.0 5 2 9 

.0 6 4 9 

3.6 

.8 62 5 

.7414 

.2 9 7 0 

-.0 4 0 9 

.0554 

3.8 

, 1.0 16 5 

.79 7 4 

.2 6 2 1 

-.0 3 0 8 

.0 4 5 9 

4.0 

1.1 8 0 9 

.8 4 5 9 

.2 2 2 9 

-.0 2 2 5 

.0 3 69 

4.2 

1.3 5 4 3 

.8 8 6 5 

.18 2 5 

-.0 16 0 

.0 28 6 

4.4 

1.5 3 5 0 

.9190 

a 4 3 6 

-.0 110 

.0214 

4.6 

1.7 2 1 4 

,9 4 4 2 

.10 8 5 

-.0 0 7 3 

.0155 

4.8 

1.9 12 2 

.96 2 8 

.0 7 86 

-.0 0 4 8 

.0107 

5.0 

2.1 0 6 2 

.9 760 

.0 5 47 

- .0 0 3 0 

.00 7 3 

5.2 

2.3 0 2 4 

.9 8 5 0 

.0 3 65 

- .0 0 1 8 

.0 0 4 6 

5.4 

2.5 0 0 0 

.9910 

.0 2 3 4 

- .0 0 1 1 

.0029 

5.6 

2.6 9 3 6 

.9 9 4 7 

.0144 

- .0 0 0 6 

.0017 

5.6 

2.8 9 7 6 

.9 9 6 9 

D 0 8 5 

- .0 0 0 3 

.0010 

6.0 

3.0 9 7 3 

.9 9 8 2 

.0 0 4 8 

- .0 0 0 2 

.0005 


3.2 9 7 0 

.9 9 8 9 

.0 0 27 

- .0 0 0 1 

.0003 

6.4 

3.4 9 6 9 

.9 9 9 3 

.0014 

- .0 0 0 1 

.00 01 

6.6 

3.6 9 6 8 

.9 9 9 5 

.0 0 0 7 

- .0 0 0 1 

.0 0 01 

6.8 

3.8 9 6 7 

.9 9 9 7 

.0 0 0 3 

.0 00 0 

.00 0 0 
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TABLE 1. - Continued. SIMILAR SOLUTIONS OF LAMINAR COMPRESSIBLE BOUNDARY-LAYER EQUATIONS. OB 




8 = -0.24 

, S„ = -0.4 



7? 

f 

f ' 

f ” 

S 

S' 

0 

0 

0 

0.1 0 6 4 

- 0.4 0 0 0 

0.1 4 7 3 

.3 76 6 

.0083 

.0 5 0 

.16 3 8 

- 3 4 4 7 

.14 6 0 

.6 4 9 0 

0 3 8 4 

.10 0 

.3 0 56 

-.30 5 0 

.14 5 3 

.8 73 3 

‘O 5 6 3 

.15 0 

.3 4 09 

-.3 7 3 6 

.14 3 8 

1.0 6 8 7 

:0 90 3 

.3 0 0 

.37 07 

- .3 4 4 7 

.14 18 

1.34 5 3 

.139 9 

.3 5 0 

.3 9 5 6 

-.3 19 9 

.13 9 0 

1.4 0 8 7 

.17 4 8 

.3 0 0 

.3160 

- .1 9 7 4 

.13 5 6 

1.5 63 8 

.3 348 

.3 5 0 

.3 3 33 

-.17 6 8 

.13 15 

1.7 10 6 

.3 803 

.4 0 0 

.34 43 

- .1 5 7 7 

.13 6 7 

1.8 5 4 1 

.3413 

.4 5 0 

.3518 

- .1 3 9 9 

.13 13 

1.9 9 5 5 

.4 0 8 3 

.5 0 0 

.35 49 

- .1 3 3 3 

.115 0 

3.1 3 6 6 

.4 83 4 

.5 5 0 

.35 3 3 

- .1 0 7 4 

.10 8 0 

3.3 7 9 3 

.5 6 4 4 

.6 0 0 

.3 4 66 

- .0 9 3 6 

.1003 

3.4 3 5 9 

.6 561 

.6 5 0 

.33 46 

- .0 7 8 5 

.0916 

3.5 79 3 

.7 596 

.7 0 0 

.3 166 

- .0 6 5 1 

.083 3 

3.7 4 3 3 

.8 7 8 6 

.7 5 0 

.39 31 

- .0 5 3 5 

.0719 

3.9 3 4 3 

1.0 1 8 9 

.8 0 0 

.36 00 

- .0 4 0 5 

.0606 

3.1 3 3 8 

1.1 9 1 3 

.8 5 0 

.3191 

- .0 3 9 3 

.0481 

3-3 9 1 8 

1.4 1 8 1 

.9 0 0 

.16 73 

- .0 1 8 6 

.034 3 

3.4 5 3 8 

1.4 7 4 3 

.9 10 

.15 5 3 

- .0 1 6 5 

.0314 

3.5 3 1 0 

1.5 3 5 7 

.9 3 0 

.14 3 5 

- .0 1 4 5 

.038 3 

3.5 94 7 

1.6 0 3 9 

.9 3 0 

.13 9 1 

- .0 1 3 6 

.035 3 


1.6 8 0 6 

.9 4 0 

.114 9 

- .0 1 0 6 

.033 1 

3.7 6 9 8 

1.7 6 8 6 

.9 5 0 

.09 99 

- .0 0 8 7 

.0188 

3.8 3 3 0 

1.8 1 8 3 

.9 5 5 

.0 9 3 0 

- .0 0 7 8 

.0171 

3.8 7 8 9 

1.8 7 3 8 

.9 6 0 

.0 8 38 

- .0 0 6 8 

.0154 

3.9 4 1 8 

1.9 3 3 3 

.9 6 5 

.0 7 5 3 

- .0 0 5 9 

.0136 

4.01 3 5 

3.0 0 1 7 

.9 7 0 

.06 64 

-.0 0 5 0 

.0119 

4.0 9 3 4 

3.0 8 0 5 

.9 7 5 

.0 5 7 3 

-.0 0 4 1 

.0101 

4.1 8 9 1 

3.1 7 4 0 

.9 8 0 

.04 75 

-.0 0 3 3 

.008 3 

4.3 07 4 

3.3 9 0 3 

.9 8 5 

.03 73 

-.00 3 4 

.0 06 3 

4.4 6 5 8 

3.4 4 6 7 

.9 9 0 

.0 3 6 3 

-.0016 

.0 04 3 

4.5 0 5 6 

3.4 8 6 1 

.9 9 1 

.0 3 40 

-.0014 

.003 9 

4.5 4 9 3 

3.5 3 9 5 

.9 9 3 

.0316 

-D 0 1 3 

.003 5 

4.5 9 8 3 

3.5 7 8 0 

.9 9 3 

.0193 

-jO 0 1 1 

.0 03 1 

4.6 5 3 6 

3.6 3 3 0 

.9 9 4 

.0168 

-JO 0 0 9 

.0 03 7 

4.717 9 

3.6 97 0 

.9 9 5 

.0143 

- jO 0 0 8 

.0033 

4.7 9 4 7 

3.7 7 3 5 

.9 9 6 

.0 117 

-jO 0 0 6 

.0018 

4.8 9 1 3 

3.8 6 9 6 

.9 9 7 

.00 90 

-jO 0 0 4 

.0014 

5.0 3 3 6 

3.0 0 0 6 

S9 8 

.0 0 63 

-jOO 0 3 

.0 00 9 


3.3 1 4 4 

399 

.00 49 

-jO 0 0 1 

.0 00 4 


4.5 4 1 4 

IjO 0 0 

.0000 

-jO 0 O'O 

.0 0 00 




•5 = - 0 . 2483 , S „ = - 0 . 

4 


mm 

f 

f ' 

f " 

S 

S ' 


0 

0 

0.0 5 0 0 

- 0.4 0 0 0 

0.1 3 6 0 

.3 

.0012 

.0 130 

.0 8 0 5 

-.3 7 2 8 

.13 6 0 

.4 

.00 5 6 

.0 3 3 3 

.113 2 

-.3 4 5 6 

.13 5 9 

.6 

.0145 

.0 5 8 0 

.14 5 0 

-.3 18 4 

.13 5 7 

.8 

:o 2 9 3 

.0 90 3 

.17 8 6 

- .3 9 1 3 

.13 5 1 

1.0 

.0511 

.12 9 4 

.2133 

- .3 6 4 4 

.13 4 0 

1.2 

.0815 

.17 5 2 

.2 4 5 3 

- .2 3 7 8 

.13 2 3 

1.4 

.12 16 

.2 2 7 4 

.2 7 6 5 

- .2 1 1 6 

.12 9 6 

1.6 

.1 7.2 8 

.2 8 56 

.3 0 4 5 

- .1 8 6 0 

.12 5 9 

1.8 

.2 36 2 . 

.3 4 8 9 

.3 2 7 6 

- .1 6 1 3 

.12 0 9 

2.0 

.3126 

.4162 

.3 4 4 1 

- .1 3 7 7 

.114 5 

3.2 

.4 0 2 8 

.4 8 6 0 

.3 5 2 4 

- .1 1 5 6 

.10 6 6 

2.4 

.5 0 7 1 

.5 5 6 5 

.3513 

- .0 9 5 2 

.0 9 7 J 

2.6 

.6 2 5 4 

.6 2 5 8 

.3 4 0 2 

- .0 7 6 8 

.0 6 6 9 

2.8 

.7 57 3 

.6919 

.3193 

- .0 6 0 5 

.0 7 5 7 

3.0 

.9018 

.7 5 3 0 

.2 8 9 9 

-.0 4 6 5 

.0 6 4 1 

3.2 

1.0 5 8 0 

.8 07 5 

.2 5 4 1 

- .0 3 4 8 

.0 5 2 8 

3.4 

1.2 2 4 3 

.8 5 4 4 

.2146 

- .0 2 5 3 

.0 4 2 0 

3.6 

1.3 9 9 2 

.8 9 3 3 

.17 4 4 

- .0 1 7 9 

.0 (3 2 3 

3.8 

13 8 1 1 

.9 2 4 3 

J . .3 6 2 

-.0 12 3 

.0 2 4 0 

4.0 

1.7 6 8 4 

.9 4 8 0 

.10 2 1 

- .0 0 8 2 

.0172 

4.3 

1.9 5 9 8 

.96 5 4 

.0 7 3 4 

- .0 0 5 4 

.0118 

4.4 

2 J . 5 4 2 

.97 7 8 

.0 5 0 6 

- .0 0 3 4 

.0 0 7 8 

4.6 

23 5 0 7 

.98 6 1 

.0 3 3 5 

- .0 0 2 2 

.0 0 5 0 

4.8 

2.5 4 8 5 

.9915 

.0213 

- .0 0 1 4 

.0 0 J 1 

5.0 

2.7 4 7 1 

.99 4 9 

.0130 

- .0 0 0 9 

.0018 

5.3 

2.9 4 6 3 

.99 6 9 

.0 0 7 6 

- .0 0 0 6 

.0010 

5.4 

3 J . 4 5 8 

.9 9 8 0 

.0 0 4 3 

- .0 0 0 5 

.0 0 0 6 

5.6 

3.3 4 5 5 

.99 8 7 

.0 0 2 4 

- .0 0 0 4 

.0 0 0 3 

5.8 

33453 

.9 99 1 

.0013 

- .0 0 0 3 

.0 0 0 1 

6.0 

3.7 4 5 1 

.9 9 9 3 

.0 0 0 6 

- .0 0 0 3 

.000 1 

6.2 

35450 

.9 9 9 3 

.0 0 0 4 

- .0 0 0 3 

.00 00 

6.4 

4 J. 4 4 8 

.9 99 4 

.0 0 0 0 

- .0 0 0 3 

.0 0 0 0 
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- Continued. SIMILAR SOLUTIONS OP LAMINAR COMPRESSIBLE BOUNDARY-LAYER EQUATIONS. 



P = 0.5, = -0.4 


19 1 
5 6 9 
1.8 9 7 1 

3.0 4 1 9 

2.1 9 3 9 

5 7 1 
375 
2.7 4 6 0 

3.0 0 5 4 
3.0 6 7 6 
3 J. 3 5 0 

3.2 0 8 9 
9 11 

3.3 8 4 6 
3 69 
9 4 1 
5 7 2 
2 8 1 
0 9 4 
0 5 4 
2 4 0 


358 
12 9 
0 9 6 
4 11 
4.8 5 4 5 


1.7 2 5 

1.7 7 5 

1.8 2 9 8 

1.8 9 0 6 

1.9 5 9 

2.0 3 8 

2.1 3 2 

2.2 4 8 

2.4 0 5 
2.4 4 5 

2.4 8 8 

2.5 3 7 

2.5 9 2 

2.6 5 6 

2.7 3 3 

2.8 2 9 7 

2.9 6 0 9 
3.1 7 4 0 



.3 3 68 
.4 1 0 8 
.4 8 78 
.5 681 


.8 35 4 
.9 3 64 
1.0 4 5 6 


1.6 4 0 6 

1.8 8 0 4 

1.9 3 9 1 
2.0 0 3 2 
2.0 7 4 1 


2.4 8 4 6 



2.9 8 1 6 
3.0 2 6 1 
3.0 7 5 9 


3.5 0 9 7 
3.7 2 6 8 


.19 68 
.24 64 
.3 0 4 6 
.37 29 
.4 5 4 0 

.5516 
.67 16 
.8 2 5 2 

1.0 3 5 3 

1.0 8 8 5 

1.1 4 7 1 

1.2 1 2 7 

1.2 8 7 0 

1.3 7 3 0 

1.4 2 1 8 

1.4 7 5 6 

1.5 3 5 6 

1.6 0 3 7 
1.68 2 3 
1.77 6 1 

1.8 9 3 3 

2.0 5 1 8 

2.0 9 1 8 
2J. 3 6 0 

2.1 8 5 4 

2.2 4 1 6 

2.3 0 6 8 

2.3 8 5 0 

2.4 8 3 3 

2.6 1 7 4 

2.8 3 6 2 


5-9 
.0 6 67 
D 5 7 2 
XI 4 7 2 
XI 3 6 '9 

XI 2 5 9 
X 2 3 6 
X 2 1 3 
X 1 8 9 
X 1 65 

X 1 4 0 
X 1 1 5 
X 088 
X 0 6 1 
X 0 3 2 


.0 33 2 

■ X 2 9 9 

■ X 2 6 5 

• X 3 3 0 

■ X 1 95 

■X159 

• X 1 22 

■ X 08 3 

• X 07 5 
X 068 

• X 06 0 

• X 0 51 

■ X 04 3 

• X 03 5 

• X 02 6 

■ X 0 1 8 

■ X 00 9 
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TABLE 1 


Continued. 


SIMILAR SOLUTIONS OF LAMINAR COMPRESSIBLE BOUNDARY -LAYER EQUATIONS 


CJl 

O 


P = - 0 . 1947 , S „ = 0 

77 

f 

f ' 

f " 

0 

0 

0 

- 0.0 5 0 0 

.2 

-.0 0 0 7 

- .0 0 6 1 

-.0 111 

.4 

- .0 0 1 9 

- .0 0 4 4 

.0 2 7 9 

.6 

-.0 0 2 0 

.00 5 1 

.0 66 9 

-.8 

.0 0 0 6 

.0 2 2 3 

.10 5 8 

1.0 

.00 75 

.0 4 7 4 

.14 4 6 

1.2 

.0 2 0 1 

.0 8 0 1 

.18 2 9 

1.4 

.0 4 0 0 

.12 0 5 

.2 2 0 3 

1.6 

.0 6 8 8 

.16 8 1 

.2 5 5 9 

1.8 

.10 7 7 

.22 2 6 

.2 8 8 5 

2.0 

.15 8 2 

.2 8 3 3 

.3169 

2.2 

.2214 

.3 4 9 0 

.3 3 9 5 

2.4 

.2 9 8 1 

.4186 

.3 5 4 7 

2.6 

.3 8 8 9 

.4 9 0 3 

.3610 

2.8 

.4 9 4 2 

.5 6 2 3 

.3 5 7 4 

3.0 

.6138 

.6 3 2 6 

.3 4 3 6 

3.2 

.74 70 

.6 9 9 1 

.3 2 0 2 

3.4 

.8 9 3 0 

.7 6 0 1 

.2 8 8 5 

3.6 

1.0 5 0 6 

.8141 

.2510 

3.8 

1.2 1 8 2 

.8 6 0 2 

.2104 

4.0 

1.3 9 4 1 

.8 9 8 3 

.16 9 7 

4.2 

1.5 7 6 9 

.9 2 8 4 

.13 16 

4.4 

1.7 6 5 0 

.9512 

.0 9 8 0 

4.6 

1.9 5 7 0 

.9 6 7 9 

.0 7 0 0 

4.8 

2.1 5 1 8 

.9 7 9 6 

.0 4 8 0 

6.0 

2.3 4 8 6 

.9 8 7 5 

.0315 

5.2 

2.5 4 6 7 

.9 9 2 6 

.0199 

5.4 

2.7 4 5 5 

.99 57 

.0121 

5.6 

2.9 4 4 8 

5 9 7 6 

.0 07 0 

SB 

3.1 4 4 4 

5 9 8 6 

.0 0 3 9 

6.0 

3.3 4 4 3 

.99 9 2 

.0 0 2 1 

6.2 

3.5 4 4 2 

.99 95 

.0011 

6.4 

3.7 4 4 1 

.9 9 9 7 

.0 0 0 6 

6.6 

3.9 4 4 0 

.9998 

.000 2 

6.8 

4.1 4 4 0 

.99 9 8 

.0 0 0 2 




8 = 2 . 0 , 

S „ = - 0.4 



V 

f 

f ' 

f " 

s 

S ' 

0 

0 

0 

1.3 3 2 9 

- 0.4 0 0 0 

0.2 3 0 

.0 3 8 1 

.00 09 

.0 5 0 

1.2 8 6 8 

- .3 9 1 2 

.2 3 0 

.0 7 7 7 

.00 39 

.10 0 

1.2 3 8 6 

- .3 8 2 0 

.2 3 0 

J . 1 9 0 

.00 9 1 

.15 0 

1.1 8 8 4 

- .3 7 2 5 

•.2 3 0 

J . 6 2 0 

.0166 

.2 0 0 

1.1 3 6 0 

- .3 6 2 6 

.2 3 0 

.2 0 7 1 

.0 2 68 

.2 5 0 

1.0 8 1 6 

- .3 5 2 3 

.2 3 0 

.2 5 4 6 

.0 3 9 9 

.3 0 0 

1.0 2 5 2 

- .3 4 13 

.2 2 9 

.3 0 4 9 

.0 5 6 3 

.3 5 0 

.9 6 6 8 

- 3 3 5 6 

.2 2 9 

.3 5 8 3 

.07 6 4 

.4 0 0 

.90 64 

- 3 1 7 6 

.2 2 8 

.4155 

.10 0 7 

.4 5 0 

.8 4 4 0 

- 3 0 4 6 

.2 2 7 

.4 7 72 

.13 0 1 

.5 0 0 

.7 7 97 

- .2 9 0 6 

.2 2 5 

.5 4 4 3 

.1 6 5 4 

.5 5 0 

.7134 

- B 7 5 6 

■ .2 2 3 

.6181 

.2 0 7 9 

.6 0 0 

.6 4 5 0 

- B 5 9 2 

.2 2 0 

.7 0 0 2 

.2 5 9-3 

.6 5 0 

.574 6 

- B 4 1 3 

.2 16 

.7 93 2 

.3 2 2 2 

.7 0 0 

.5 0 2 1 

- .2 2 1 5 

.2 10 

5 0 11 

.4 0 0 5 

.7 5 0 

.4 27 6 

- J . 9 9 2 

.2 0 2 

1.0 3 0 2 

.5 0 07 

.8 0 0 

.3 5 0 7 - 

- '.1 7 3 8 

.19 1 

1.1 9 2 1 

.6 3 4 5 

.8 5 0 

.2714 

- 1 44 2 

.17 4 

1.4 1 1 6 

.8 2 6 9 

.9 0 0 

.18 9 0 

- J . 0 8 7 

.14 8 

1.4 6 7 1 

.87 7 2 

.9 10 

.17 2 1 

- J . 0 0 7 

.14 1 

1 .5 2 8 4 

.9 3 3 3 

.9 2 0 

.15 4 9 

- .0 9 2 2 

.13 4 

1.5 9 7 0 

.99 6 7 

.9 3 0 

.13 7 6 

- .0 8 3 3 

.12 5 

1.6 7 4 8 

1.0 6 9 5 

.9 4 0 

.12 00 

- .0 7 3 9 

.116 

15 6 5 1 

1.1 5 4 9 

.9 5 0 

.10 2 1 

- .0 6 4 0 

.10 4 

1.8 1 6 4 

1.2 0 3 8 

.9 5 5 

.0 9 30 

- .0 5 8 7 

.0 9 8 

1.8 7 3 1 

1.2 5 8 1 

.9 6 0 

.0 8 3 8 

- D 5 3 3 

.0 9 2 

1.9 3 6 5 

1.3 1 9 1 

.9 6 5 

.0 7 4 4 

- .0 4 7 7 

.0 8 5 

20 0 8 6 

1.3 8 8 8 

.9 7 0 

.0 6 4 9 

- .0 4 1 9 

.0 7 7 

2.0 9 1 9 

1.4 6 9 8 

.9 7 5 

.0 55 3 

- .0 3 5 8 

.0 6 8 

2 J . 9 1 4 

1.5 6 7 2 

.9 8 0 

.0 4 54 

- .0 2 9 5 

.0 5 6 

2.3 1 6 1 

1.68 9 7 

.9 8 5 

.0 3 5 2 

- .0 2 2 9 

.0 4 8 

2.4 8 5 0 

1.8 5 6 5 

.9 9 0 

.0 24 5 

- D 1 5 8 

.0 3 5 

2.5 2 7 6 

1.8 9 8 7 

.9 9 1 

.0 22 3 

-0144 

.0 3 2 

25 7 4 7 

1.9 4 5 4 

.9 9 2 

.0 2 01 

- .0 1 2 9 

.0 3 0 

2.6 2 7 4 

1.9 9 7 7 

.9 9 3 

.0178 

- .0 1 1 4 

.0 2 7 

25 a 7 3 

2.0 5 7 2 

.9 9 4 

.0155 

- .0 0 9 9 

.0 2 4 

2.7 5 6 9 

2.1 2 6 4 

.9 9 5 

.0132 

- .0 0 8 3 

.0 2 0 

2.8 4 0 2 

2.2 0 9 3 

.9 9 6 

.0108 

- .0 0 6 7 

.0 17 

2.9 4 4 9 

■a ana 

S 97 

.0083 

- .0 0 5 1 

.0 13 

3.0 8 7 5 


.9 9 8 

.0 058 

- .0 0 3 4 

.0 0 9 

3.3 1 9 6 

2.68 7 7 

.9 9 9 

.0 0 3 0 

- .0 0 1 7 

.0 0 5 

4.4 9 7 9 

3.8 6 5 7 

1.0 0 0 

.0 0 00 

.0 000 

.0 0 0 
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TABLE 1 . - Continued . SIMILAR SOLUTIONS OF LAMINAR COMPRESSIBLE BOUNDARY -LAYER EQUATIONS . 


P = - 0 . 1305 , S „ = 1.0 

mm 

f 

f ' 

f " 

S 



0 

0 

- 0.0 5 0 0 

1.0 0 0 0 


.2 

- .0 0 0 7 

- .0 0 4 8 

.0014 

.9 3 7 2 


.4 

- .0 0 1 3 

.0 0 0 4 

.0511 

.8 7 4 4 


£ 

.0002 

.0155 

.0 9 9 2 

.8 1 1-7 

-.3 14 0 

£ 

.0056 

.0 4 0 0 

.14 5 6 

.7 4 8 9 

- .3 1 3 8 

1.0 

.0168 

.0 7 3 6 

-.19 0 0 

.6 86 2 

- ,3 1 3 2 

1 £ 

.0 3 56 

.115 9 

.2319 

.6 2 3 7 

- .3 1 1 6 

1.4 

.06 37 

.16 6 1 

.2 7 0 4 

.5616 

-.3085 

1.6 

.10 2 5 

.2 2 3 7 

.3 0 4 6 

.500 4 

- .3 0 3 5 

1.8 

.15 3 6 

.2 8 7 6 

.3 3 3 1 

.4 4 0 4 

- .2 9 5 9 

2.0 

.2179 

.3 5 5 5 ' 

.3 5 4 5 

.3 8 2 2 

- .2 8 5 2 

2.2 

.29 64 

.4 2 6 8 

.3 67 2 

.3 26 6 

- .2 7 0 9 

2.4 

.3 8 96 

.50 2 8 

.37 0 2 

.2 7 4 1 

-.2 5 3 0 

2.6 

.4 9 75 

.5 7 6 2 

.3 6 2 7 

.2 25 6 

- .2 3 1 6 

2.8 

.6199 

.6 4 7 2 

.34 4 9 

.18 17 

- .2 0 7 2 

3.0 

',7 5 6 0 

.7135 

'.3176 

.14 2 8 

-.18 06 

3.2 

.90 49 

.7 7 3 7 

.2 3 2 8 

.10 9 5 

-.15 3 0 

3.4 

1.0 6 5 0 

.8 2 6 3 

.2 4 3 0 

.0816 

-.12 5 7 

3.6 

1.2 3 4 9 

.8 7 0 7 

.2012 

.0 59 1 

-.0 9 9 9 

3.8 

1.4 1 2 8 

.9 0 6 8 

.16 0 3 

.0414 

-.0 7 6 7 

4.0 

1.5 9 7 1 

.9 3 5 1 

.12 2 7 

D 2 a 2 

-.0 5 6 7 

4.2 

1.7 8 6 3 

.9 5 6 3 

.0 9 0 3 

.0186 

-.0 4 04 

4.4 

1.9 7 9 2 

.9716 

.0 6 3 7 

.0118 

-.0 2 7 7 

4.6 

2.1 7 4 6 

.98 2 2 

.0 4 3 2 

.0 07 2 

-.0 16 3 

4.8 

2.3 7 1 8 

.9 8 9 2 

.0 28 1 

.0 04 3 

-.0 116 

5.0 

2.5 7 0 1 

.9 9 3 7 

.0 17 5 

.0 0 2 5 

- .0 0 'f 1 

5.2 

2.7 6 9 2 

.99 6 4 

.0105 

.0014 

- .0 0 4 2 

5.4 

2.9 6 8 6 

.99 8 1 

.00 6 1 

.0 00 7 

- .0 0 2 4 

5.6 

3.1 6 8 4 

.99 90 

.0 0 3 4 

.0 0 0 4 

- .0 0 1 3 

5.8 

3.3 6 8 2 

.9 9 95 

.0018 

.0 00 2 

- .0 0 0 7 

6.0 

3.5 6 3 1 

.9 9 9 7 

.00 0 9 

.0 00 1 

-.0 0 0 3 

6.2 

3.7 6 8 1 

.9 9 9 9 

.0 00 5 

.0 00 0 

- .0 0 0 1 

6.4 

3.9 6 8 1 

,.99 9 9 

.00 0 2 

.0 00 0 

- .0 0 0 1 




XD 

II 

1 

O 

. S „= 1.0 



V 

f 

f ' 

f " 

S 

S ' 

0 

0 

0 

- 0.1 6 13 

1.0 0 0 0 

- 0.2 0 7 6 

.2 

- .0 0 3 0 

- .0 2 6 3 

- .1 2 1 7 

..9 5 8 5 

- .2 0 7 6 

.4 

- .0 1 0 8 

- .0 4 9 6 

- .0 8 3 1 

.9169 

-.2 0 79 

.6 

- .0 2 2 0 

- .0 6 1 6 

- .0 4 5 5 

.8 7 5 3 

-.2 0 6 6 

.8 

- .0 3 4 9 

- .0 6 7 0 

- .0 0 8 6 

.8 3 3 5 

- ,2 0 9 3 

1.0 

- .0 4 8 3 

- .0 6 5 1 

.0 27 6 

.7913 

-.2 115 

1.2 

-.0 6 0 5 

- .0 5 6 0 

.0 6 3 5 

.7 4 8 8 

-.2 138 

1.4 

-.0 7 0 2 

- .0 3 9 7 

.0 9 9 0 

.7 0 5 8 

- .2 1 6 7 

1.6 

- .0 7 5 9 

- .0 1 6 4 

.13 4-4 

.6 6 2 1 

-.2 199 

1.8 

-.0 7 6 3 

.0140 

.1 6 9 5 

.6178 

-.2 2 3 3 

2.0 

- .0 6 9 9 

.0514 

,2 0 4 2 

.5 7 2 8 

-,2266 

25 

-.0 5 5 3 

.0 9 5 6 

.2 37 8 

.6272 

- .2 2 9 5 

2.4 

-.0 3 12 

.14 6 4 

.2 6 9 9 

.4811 

-.2 3 1 5 

2.6 

.0 0 37 

.20 3 4 

2 9 9 2 

.4 3 4 7 

- .2 3 2 2 

2.8 

.0 5 06 

.2 6 5 8 

.3 2 4 7 

.3 3 3 4 

-.2 3 10 

3.0 

.110 4 

.3 3 2 9 

.3 4 4 3 

.3 4 2 5 

-.2 2 7 3 

3.2 

.18 3 9 

.4 0 3 3 

.3 53 2 

.2 9 7 6 

- .2 2 0 3 

3.4 

.2718 

.4 7 5 6 

.3 6 3 4 

.2 5 4 4 

- w 2 1 1 0 

3.6 

.3 7 4 2 

.5 4 8 1 

.3 59 5 

.2135 

-.19 73 

3.8 

.4 9 09 

.6168 

.3 46 1 

.17 5 5 

- .1 8 1 5 

4.0 

.6215 

.6 8 5 9 

.3 23 6 

.14 10 

-.16 2 4 

4.2 

.7 6 4 9 

.7 4 7 7 

.2 9 3 1 

.110 6 

- .1 4 1 4 

4.4 

.9 2 0 1 

.8 0 2 8 

.2 5 6 8 

.0 8 4 5 

-.119 6 

4.6 

1.0 8 5 5 

.8 5 0 2 

.2172 

.0 62 8 

- .0 9 7 9 

4.8 

1.2 5 9 7 

.8 8 9 6 

.17 7 1 

.0 4 5 3 

- .0 7 7 4 

5.0 

1.4 4 0 9 

.9211 

.13 9 0 

.0317 

-.0 5 9 1 

5.2 

1.6 2 7 7 

.9 4 5 5 

.10 4 8 

.0215 

-.0 4 3 5 

5.4 

1.8 1 8 6 

.9 6 3 5 

.0 7 6 0 

.0141 

-.0 3 0 8 

5.6 

2.0 1 2 7 

.9 7 6 3 

.0 5 2 9 

.0 0 90 

-.0 2 10 

5.8 

2.2 0 8 9 

.9 8 5 0 

.0 35 4 

.0 05 6 

-.0 15 7 

6.0 

2.4 0 6 5 

.9 9 0 8 

.0 2 2 7 

.0 0 3 3 

-.0 0 5 7 

6.2 

2.6 0 5 0 

.9 9 4 4 

.0140 

.0 0 20 

-.0 0 52 

6.4 

2.8 0 4 1 

.9 9 6 6 

.0 0 3 3 

.0012 

- .0 0 3 1 

6.6 

3.0 0 3 6 

.99 7 3 

.0 0 4 8 

.0 0 0 7 

- .0 0 1 7 

6.6 

3.2 0 3 3 

.9 9 8 6 

..0 0 2 6 

.0 00 4 

- .0 0 0 9 

7.0 

3.4 0 3 0 

.9 9 9 0 

.0014 

.0 0 0 3 

- .0 0 0 5 

7.2 

3.6 0.2 8 

.9 9 9 2 

.0 0 0 7 

.0 0 0 2 

- .0 0 0 2 

7.4 

3.8 0 2 7 

.9 9 9 3 

.0 0 0 4 

.0 00 2 

-.0 0 0 1 

7.6 

40025 

.9 9 9 3 

.0 0 0 3 

.0 0 0 . 2 

- .0 0 0 1 

7.8 

4.2 0 2 4 

.9 9 9 4 

.0 0 0 1 

.0 00 2 

.0 0 00 
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TABLE 1. - Continued. SIMILAR SOLUTIONS OF LAMINAR COMPRESSIBLE BOUNDARY -LAYER EQUATIONS. 



P = -0.1295 

,-S„ = 1.0 



f 

f ' 

f " 

s 

S' 

0 

0 

0 

1.0 0 0 0 

- 0.3 3 8 9 

.0 00 3 

.0 0 5 1 

.0 5 0 9 

.9 3 2 3 

-.3 3 89 

.0 0 37 

.030 3 

.10 0 1 

.6 6 4 5 

-.3 3 8 8 

.00 91 

.0450 

.14 7 3 

.796 7 

-.3 3 8 4 

.0313 

.0790 

.19 3 4 

.7 291 

-.3 3 7 4 

.0413 

.13 18 

.3 3 4 7 

.6618 

-.3 3 5 4 

.0706 

.17 3 7 

.3 7 3 5 

.59 5 1 

- .3 3 1 7 

.110 8 

.3 309 

.3 0 7 6 

.5 39 3 

-.3 2 5 8 

.16 3 4 

.3953 

.3 35 8 

.4 65 0 

-.3 17 0 

.3 3 9 3 

.3 6 4 7 

.35 6 5 

.4 0 3 7 

-.3 0 4 9 

.3 0 94 

.4 3 7 3 

.3 6 8 4 

.3 4 3 3 

-.3 8 9 0 

.4 0 4 3 

.5114 

.3 7 0 3 

.3 8 7 4 

-.2 6 9 1 

.5139 

.584 7 

.3615 

.2 35 9 

-.2 4 5 6 

.63 80 

.6 5 5 3 

.3 4 3 5 

.18 9 4 

-.2 18 9 

.77 57 

.7311 

.3141 

.14 8 5 

-.19 0 1 

9 3 6 0 

.7 8 0 4 

.378 4 

.113 4 

-.16 0 4 

1.0 8 7 4 

.8 3 3 1 

.3 38 3 

.0 8 4 3 

-.15 12 

1.3 5 8 3 

.87 5 6 

.19 6 3 

.0 60 8 

-.10 3 8 

1.4 3 7 1 

.9107 

.15 5 6 

.0 4 2 6 

-.0 7 9 3 

1.6 3 3 1 

.9 3 8 1 

.118 5 

.0 2 8 9 

-.0 5 8 4 

1.8 1 1 8 

.9 5 8 5 

.086 7 

.0189 

-.0 4 14 

3.0 0 5 1 

.9 7 3 1 

.060 9 

.0120 

-.0 2 8 2 

3.3 0 0 8 

.9 8 3 3 

.0410 

.0 07 4 

-.0 18 5 

3.3 9 8 1 

.9 8 9 9 

.0 36 5 

.0 0 4 4 

-.0 117 

3.5 9 6 6 

.9 9 4 1 

.0165 

.0 026 

-.0 0 7 1 

3.7 9 5 7 

.9 9 6 7 

.00 9 8 

.0015 

-.0 0 4 3 

3.9 9 5 3 

.99 8 3 

.005 6 

.0 00 9 

-.0 0 2 3 

3.1 9 4 9 

.9 9 9 1 

.003 1 

.000 5 

-.0 0 13 

3.3 9 4 8 

.9 9 9 5 

.0017 

.0 00 3 

-.0 0 0 7 

3.5 9 4 7 

.9 9 9 8 

.000 8 

.0 00 2 

-.0 0 0 3 

3.7 9 4 7 

.9 9 9 9 

.000 4 

.0 00 2 

- .0 0 0 1 

3.9 9 4 7 

1.0 0 0 0 

.000 1 

.000 2 

-.0 0 0 1 

4.1 9 4 7 

1.0 0 0 0 

.000 3 

.0 00 1 

-.0 0 0 1 




8 = - 0 . 1 , 

s „ = 1-0 



V 

f 

f ' 

f " 

S 

S' 

0 

0 

0 

0.1 8 0 5 

1.0 0 0 0 

- 0.4 0 3 3 

.24 5 1 

.00 57 

.0 5 0 

.2 2 84 

.9012 

-.4 02 7 

.44 7 7 

.0 20 7 

.10 0 

.2 6 54 

.8197 

-.4 0 16 

.626 0 

.0 4 2 9 

.15 0 

.2 9 54 

.7 4 8 2 

-.3 99 3 

.7 8 8 5 

.0712 

.2 0 0 

.3199 

.68 36 

-.3 9 5 6 

.94 0 0 

.10 5 3 

.2 5 0 

.33 98 

.6 2 4 1 

-.3 9 0 4 

1.0 8 3 7 

.14 4 8 

.3 0 0 

.35 5 4 

.5 6 8 4 

-.3 8 3 4 

1.32 2 0 

.18 9 7 

.3 5 0 

.36 7 0 

.5160 

-.3 7 4 7 

1.3 5 6 8 

.2 4 0 2 

.4 0 0 

.3 7 45 

.46 6 2 

-.3 6 4 0 

1.4 8 9 6 

.2 96 7 

.4 5 0 

.37 78 

.4186 

-.3 5 13 

1.6 3 3 0 

.3 5 9 5 

.5 0 0 

.37 6 9 

.37 3 1 

-.3 36 4 

1.7 5 5 5 

.4 39 6 

.5 5 0 

.3716 

.329 3 

-.3 19 2 

1.8 9 1 8 

.5080 

.6 0 0 

.3615 

.28 7 2 

-.2 9 9 4 

2.0 3 2 9 

.5 96 3 

.6 5 0 

.3 4 6 3 

.2 4 6 5 

-.2 7 7 0 

2.1 8 1 5 

.6 96 6 

.7 0 0 

.32 55 

.20 7 1 

-.2 5 17 

2.3 4 1 6 

.8128 

.7 5 0 

.2 9 8 5 

.16 9 1 

-.2 2 3 1 

2.5 1 9 2 

.9 5 0 5 

J3 0 0 

.2 6 42 

.13 2 4 

-.19 0 8 

2.7 2 5 0 

1.1 3 0 4 

.8 5 0 

.2215 

.09 69 

-.15 4 2 

2.9 8 1 8 

1.3 4 5 5 

5 0 0 

.16 8 2 

.06 2 8 

-.112 4 

3 D 4 3 6 

1.4 0 1 3 

.9 10 

.15 6 0 

.0 5 6 1 

-.103 3 

3 J . 1 0 5 

1.4 6 2 5 

.9 2 0 

.14 3 1 

.0 4 9 6 

- .0 9 3 8 

3 J . 8 3 9 

1.5 3 0 4 

.9 3 0 

.12 9 5 

.0 4 3 0 

- .0 8 4 1 

3 D 6 5 6 

1.6 0 6 9 

.9 4 0 

.115 3 

.0 3 6 6 

- .0 7 3 9 

3.3 5 8 6 

1.6 9 4 8 

.9 5 0 

.10 0 0 

.0 3 0 2 

-.0 6 3 4 

3.4 1 0 7 

1.7 4 4 4 

5 5 5 

.0 9 20 

D 2 7 0 

- .0 5 8 0 

3.4 6 7 6 

1.7 9 8 9 

.9 6 0 

.0 8 38 

D 2 3 9 

-.0 5 2 4 

3.53 0 5 

1.8 5 9 4 

5 6 5 

.0 7 5 3 

D 2 0 8 

-.0 4 6 7 

3.60 1 1 

1.9 2 7 8 

5 70 

.0 6 64 

.0177 

-.0 4 0 9 

3.6 8 3 1 

2.0 0 6 6 

ST 5 

.0 5 71 

D 1 4 6 

-.0 3 4 8 

3.7 7 7 9 

2.1 0 0 2 

5 80 

.0 4 7 4 

D 1 1 6 

-.0 2 8 6 

3.8 9 6 4 

3.3 1 6 6 

5 8 5 

.0 3 7 2 

D 0 8 6 

-.0 2 2 1 

4 ,0 5 5 1 

2.3 7 3 4 

S 90 

.0 2 62 

D 0 5 6 

- .0 1 5 4 

4 .0 9 5 0 

2.4 1 2 8 

5 9 1 

.0 2 39 

.00 50 

- .0 1 4 0 

4 J . 3 8 8 

2.4 5 6 3 

5 9 2 

.0216 

.00 45 

- .0 1 2 6 

4 J . 8 7 8 

2.5 0 4 9 

S93 

. 0.1 9 2 

.0039 

- .0 1 1 1 

4.2 4 3 3 

2.5 6 0 1 

5 9 4 

.0168 

.00 3 3 

- .0 0 9 7 

4.3 0 7 7 

2.6 2 4 1 

5 9 5 

.0143 

.00 27 

- .0 0 8 2 

4.3 8 4 7 

2.7 0 0 8 

5 9 6 

.0117 

.00 22 

-.0 0 6 6 

4.4 8 1 3 

2.7 9 7 1 

5 9 7 

.00 90 

.0016 

- .0 0 5 1 

4.61 2 9 

2.9 2 8 3 

5 9 8 

.00 62 

.0010 

- .0 0 3 5 

4.8 2 6 9 

3.1 4 2 0 

5 9 9 

.0 0-3 3 

.00 0 5 

- .0 0 1 8 

5.9 0 6 6 

4 D 2 1 5 

ID 0 0 

.0 0 00 

.00 0 0 

.0 000 
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TABLE 1. 


Continued. SIMILAR SOLUTIONS OP 




^ = 0 . 3 , 

S „ = 1-0 



WEMM 

f 

f ' 

f ■’ 

s 

S' 

ISIH 

0 

0 

0.9 8 2 9 

1.0 00 0 

- 0.5 4 5 7 

.1 

.0 0 4 8 

.0 9 5 3 

.9 23 7 

.9 4 5 4 

-.5 4 5 6 

.2 

.0189 

.18 4 8 

.8 6 5 7 

• .8909 

- .5 4 5 0 

.3 

.0416 

.26 6 5 

.808 9 

.8 36 5 

- .5 4 3 4 

.4 

.07 24 

.3 466 

.7 53 1 

.7823 

-.5 4 03 

.5 

.110 7 

.4192 

.6 9 8 3 

.7 28 5 

-.5 3 54 

.6 

.15 6 0 

.4 8 6 3 

.6 4 4 5 

.6752 

-.5 2 8 4 

.7 

.2 0 7 8 

.5 4 8 1 

.5919 

.6229 

-.5 189 

.8 

.2 6 55 

.60 4 7 

.54 0 6 

.5716 

-.5 0 6 7 

.9 

.32 86 

.65 6 3 

.4 9 0 9 

.5216 

-.4 9 19 

1.0 

.39 66 

.70 2 9 

.4 4 3 0 

.4 7 3 3 

-.4 7 4 4 

1.1 

.4 6 9 0 

.7 4 4 9 

.397 1 

.4 26 8 

-.4 5 4 4 

1.2 

.54 54 

,7 6 2 5 

.3 53 5 

,3825 

-.4 3 19 

1.3 

.62 5 4 

.8157 

.3124 

.34 0 5 

-.4 0 74 

1.4 

.70 84 

.8 4 50 

,2 7 4 0 

.3011 

-.3 8 11 

1.5 

.7 9 4 2 

.8706 

.2 3 8 4 

.2 64 3 

- .3 5 3 5 

1.6 

.8 8 24 

.892 8 

.2 0 5 8 

.2 30 4 

-.3 2 5 1 

1.7 

.97 27 

.9119 

.17 6 1 

.19 9 3 

-.2 9 63 

1.8 

1.0 6 4 7 

.928 1 

.14 9 4 

.17 11 

- .2 6 7 6 

1.9 

1.1 5 8 2 

.9419 

,12 5 6 

.14 5 8 

-.2 3 9 5 

2.0 

1.2 5 3 0 

.95 3 4 

,10 4 8 

.1232 

- .2 1 2 3 

2.1 

1.3 4 8 9 

-.9 6 2 9 

.0 86 5 

.10 3 3 

-.18 64 

2.2 

1.4 4 5 6 

.9 70 8 

.070 8 

.0 859 

-.162 1 

2.3 

1.5 4 3 0 

5 7 7 1 

.0 5 7 4 

.0708 

-.13 96 

2.4 

1.6 4 0 9 

.98 2 3 

,0 46 0 

.0 57 9 

-.1190 

2.5 

1.7 3 9 4 

.9864 

13 36 6 

.0 4 70 

- .1 0 0 5 

2.6 

1.8 3 8 2 

.98 9 7 

.0 2 8 8 

.0 377 

- .0 8 4 1 

2.7 

1.9 3 7 3 

.99 2 2 

.0 2 2 4 

.0 30 1 

- .0 6 9 6 

2.8 

2.0 3 6 6 

.99 4 2 

jO 1 7 3 

.0 238 

- .0 5 7 1 

2.9 

2.1 3 6 1 

.9 9 5 7 

D 1 3 2 

.0186 

- .0 4 6 3 

3.0 

2.2 3 5 0 

.99 69 

.0100 

.0144 

- .0 3 7 2 

3.1 

2.3 3 5 5 

.9 9 77 

.007 5 

,0111 

- .0 2 9 6 

3.2 

2.4 3 5 3 

.9 9 84 

.0 0 5 5 

.0 08 5 

- .0 2 3 3 

3.3 

2.5 3 5 2 

.9 9 8 9 

.0 0 4 0 

.0 06 4 

- .0 1 8 2 

3.'4 

2.6 3 5 1 

.99 92 

.00 2 9 

.0 0 4 8 

- .0 1 4 1 

3.5 

2.7 3 5 0 

.99 9 5 

.00 2 1 

.0 0 36 

- .0 1 0 7 

3.6 

2.8 3 5 0 

.99 96 

.0015 

.0 026 

- .0 0 8 1 

3.7 

2.9 3 4 9 

.9 9 9 8 

.0010 

.0019 

-.0 0 6 1 

• 3.8 

3.0 3 4 9 

.9 9 9 8 

.0007 

.0014 

- .0 0 4 5 

3.9 

3.1 3 4 9 

.9 9 9 9 

.00 0 5 

.0010 

- .0 0 3 3 

4.0 

3.2 3 4 9 

.9999 

.00 0 3 

.0 007 

- .0 0 2 4 

4.1 

3.33 4 9 

1.0 0 0 0 

.00 0 2 

.0 00 5 

- .0 0 1 7 

4.2 

3.4 3 4 9 

1.0 0 0 0 

.0 0 0 1 

.0 00 4 

- .0 0 1 2 

4.3 

3.5 3 4 9 

1.0 0 0 0 

.00 0 1 

.0 00 3 

- .0 0 0 9 

4.4 

3.6 3 4 9 

1.0 0 0 0 

.00 0 1 

.0 00 2 

- .0 0 0 6 

4.5 

3.7 3 4 9 

1.0 0 0 0 

.000 0 

.0 00 1 

- .0 0 0 4 

4.6 

3 « 3 4 9 

1.0 0 0 0 

.0 00 0 

.0 00 1 

- .0 0 0 3 

4.7 

35349 

1.0 0 0 0 

JD 0 0 0 

.0 00 1 

- .0 0 0 2 



NA.CA TN 3325 




TABLE 1. - Continued. SIMILAR SOLUTIONS OF LAMINAR COMPRESSIBLE BOUNDARY -LAYER EQUATIONS 



.0 0 84 
.0 3 2 1 
.0 6 94 
.118 5 

.17 76 
5 4 5 5 
3 2 0 5 
.4016 
.4 8 76 

.57 76 
.6707 
.76 6 3 
.86 37 
.9 6 2 5 


.9 1 
.9 4 
.9 6 
.9 8 20 
.99 3 6 


7 36 8 
1.5 4 0 3 

3 5 2 6 
1.1 7 5 8 
1.0 1 1 4 

.860 3 
7 2 3 2 
6 0 0 4 

4 9 15 
3 9 6 5 

3 14 2 
2 4 4 2 
18 5 7 
.13 7 2 
.09 7 9 


1.0 0 0 0 
.9 3 8 4 
.8 77 0 
.8157 
.75 4 9 

.69 4 6 
.6 3 5 7 
.5 7 8 1 



.2 8 2 6 
.2 4 4 4 


0.6 1 5 4 

- .6 1 5 2 

- .6 1 4 0 
-.6 110 
-.6 0 5 3 

-.5 9 6 5 

- .5 8 4 0 
-.5 6 7 7 
-.5 4 76 
-.5 2 3 8 

-.4 9 6 7 

- .4 6 6 6 
-.4 3 4 3 
-.4 0 0 3 

- .3 6 5 4 


1.0 6 2 3 

1.1 6 2 8 

1.2 6 3 7 

1.3 6 4 8 

1.4 6 6 1 


1.0 0 1 9 
1.0 0 7 3 
1.0 1 0 5 
1.0 1 2 2 
1.0 1 2 6 


.066 6 
.0 4 2 2 
.0 23 7 
.0101 
.000 4 


.2 0 9 6 
.17 8 3 
.150 5 
.125 9 
.10 4 5 


.3 3 02 
.2 9 54 
.2617 
.3 2 9 4 
.19 9 2 


1.5 6 7 3 

1.6 6 8 5 

1.7 6 9 6 
1-8 7 0 6 
1.9 7 1 4 


1.0 1 2 3 
1.0 1 1 5 
1.0 1 0 4 
1.0 0 9 1 
1.0 0 7 8 


.00 6 1 
.0101 
.0123 
.0131 
,0130 


.086 0 
.0 70 2 
.0 568 
.0 45 6 
.0 36 3 


.17 11 
.14 5 6 
.12 2 6 
.10 2 2 
.0 8 43 


2.0 7 2 2 

2.1 7 2 8 

2 3 § 

2.3 7 3 6 

2.4 7 3 9 

2.5 7 4 1 

2.6 7 4 3 

2.7 7 4 4 

2.8 7 4 5 

2.9 7 4 6 

3.0 7 4 5 

3.1 7 4 6 


1.0 0 6 5 
1.0 0 5 3 
1.0 0 
1.0 0 
1.0 0 2 6 

1.0 0 2 0 
1.0 0 1 4 
1.0 0 1 0 
1.0 0 0 6 
1.0 0 0 3 

1.0 0 0 1 

.9 9 9 9 


.0122 
.0111 
0 0 9 8 
0 0 8 5 
.007 1 

.00 5 9 
.0 0 4 9 
.0 0 4 0 
.0 0 3 2 
.002 6 

.00 2 0 

.0016 


.0 28 6 

.0 22 4 


.0 07 8 
.0 0 5 9 
.0 04 5 
.0 03 4 
.0 02 6 

.0019 

.0015 


.0 6 8 9 
.0 5 57 

.0 2 77 

.0216 
.0166 
.0126 
.0 0 9 5 
.0 0 71 

.0 0 53 
.0 0 38 
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TABLE 1. - Concluded. SIMILAR SOLUTIONS OF LAMINAR 
COMPRESSIBLE BOUNDARY-LAYER EQUATIONS. 




8 = 2 . 0 , 

S „= 1.0 



7 ? 

f 

f ' 

f " 

S 

S ' 

0 

0 

0 

2.4 8 7 8 

1.0 0 0 0 

- 0.6 6 1 3 

.1 

.0118 

.22 9 1 

2.0 9 7 1 

.9 3 3 9 

-.6 6 11 

.3 

.04 4 6 

.42 0 4 

1.7 3 4 1 

.8 6 7 8 

- .6 5 9 3 

.3 

.09 4 7 

.5 7 7 1 

1.4 0 7 2 

.80 2 1 

-.6 5 4 8 

.4 

.15 8 9 

.70 3 1 

1.1 2 0 4 

.7 37 0 

-.6 4 6 6 

.5 

.2 3 44 

.80 2 5 

.8 7 4 3 

.6 7 2 9 

-.6 3 4 1 

.6 

.3187 

.8 7 9 3 

.6 67 1 

.6103 

-.6168 

.7 

.4 0 97 

.9 3 7 2 

.4 9 5 8 

.5 4 9 7 

-.5 9 4 8 

.8 

.50 56 

.9 7 9 5 

.3 5 6 6 

.4915 

- .5 6 b 

.9 

.6 0 5 2 

1.0 0 9 4 

.2 4 5 5 

.4 36 2 

- ,5 3 7 5 

1-0 

.7 o ’ 7 2 

1.0 2 9 4 

.15 8 7 

.3 8 4 1 

- .5 0 3 4 

1.1 

.8108 

1.0 4 1 8 

.0 9 2 1 

.3 3 5 6 

- .4 6 6 6 

1.2 

.9153 

1.0 4 8 4 

.0 4 2 5 

.2 90 9 

- .4 2 8 0 

1.3 

1.0 2 0 3 

1.0 5 0 8 

.0 06 7 

.2 5 0 0 

- .3 8 8 5 

1.4 

1 . 1-2 5 4 

1.0 5 0 2 

-.0 18 0 

.2132 

- .3 4 9 0 

1.5 

1,2 3 0 3 

1.0 4 7 5 

-.0 34 1 

.18 0 2 

- .3 1 0 2 

1.6 

1.3 3 4 l ) 

1.0 4 3 6 

-.0 4 3 5 

.15 11 

- .2 7 2 9 

1.7 

1,4 3 9 0 

1.0 3 9 0 

-.0 4 7 8 

.12 5 6 

- .2 3 7 5 

1.8 

1.5 4 2 6 

1.0 3 4 1 

-.0 4 8 6 

.10 3 5 

- .2 0 4 6 

1.9 

1.6 4 5 8 

1.0 2 9 3 

-.0 4 6 8 

.0 0 4 6 

- .1 Y 4 5 

2.0 

1.7 4 8 5 

1.0 2 4 8 

-.0 4 3 , 4 

.0 6 8 5 

- .1 4 7 3 

2.1 

1,8 5 0 8 

1.0 2 0 7 

-.0 3 9 1 

.0 5 5 0 

- .1 2 3 0 

2.2 

1,9 5 2 7 

1.0 1 7 0 

-.0 3 4 4 

.0 4 38 

- .1 0 1 7 

2 o 3 

2.0 5 4 2 

1.0 1 3 8 

-.0 2 9 6 

.0 3 4 6 

- ,0 b 3 d 

2.4 

2.1 5 5 4 

1.0 1 1 1 

-.0 2 5 0 

.0 27 1 

- .0 6 7 4 

2.5 

2.2 5 6 4 

1.0 0 8 8 

-.0 2 0 8 

.0210 

- .0 5 4 1 

2.6 

2.3 5 7 2 

1.00 6 9 

-.0 17 0 

.0162 

- .0 4 2 9 

2.7 

2.4 5 7 8 

1.0 05 4 

-.0 13 7 

.0123 

- .0 3 3 8 

2.8 

2.5 5 8 3 

1.0 0 4 1 

-.0 10 9 

.0 09 4 

- .0 2 6 3 

2.9 

2.6 5 8 7 

1.0 0 3 2 

-.0 0 8 6 

.0 07 0 

^ ,0 0 

3.0 

2 7 5 8 9 

1.0 0 2 4 

-.0 0 6 6 

.0 05 3 

-.0 15 4 

3.1 

2.8 5 9 1 

1.0 0 1 8 

-.0 0 5 1 

.0 0 3 9 

-.0 117 

3.2 

2.9 5 9 3 

1.0 0 1 4 

-.0 0 3 8 

.0 0 2 9 

-.0 0 8 7 

3.3 

3.0 5 9 4 

1.0 0 1 1 

- .0 0 2 8 

.0 0 2 2 

-.0 0 6 4 

3.4 

3.1 5 9 5 

1.0 0 0 8 

-.0 0 2 1 

.0016 

,-.0 0 4 7 

3 o 5 

3.2 5 9 6 

1.0 0 0 6 

- .0 0 1 5 

.0012 

-.0 0 3 4 

3.6 

3.3 5 9 6 

1.0 0 0 5 

- .0 0 1 1 

.0 0 0 9 

-.0 0 2 5 

3.7 

3.4 5 9 7 

1.0 0 0 4 

- .0 0 0 7 

.0 00 7 

-.0 0 18 

3.8 

3.5 5 9 7 

1.0 0 0 4 

- .0 0 0 5 

.0 00 6 

-.0 0 12 

3.9 

3.6 5 9 8 

1.0 0 0 3 

- .0 0 0 3 

.0 0 0 4 

-.0 0 0 9 

4.0 

3.7 5 9 8 

1.0 0 0 3 

- .0 0 0 2 

.0 0 0 4 

-.0 0 0 6 


TABLE II. - SUMMARY OP HEAT -TRANSFER 
AND WALL-SHEAR PARAMETERS. 


Sw 


f" 

W 

S ' 
w 

C_Re 
f w 

Nu 

-1.0 

-0.326 

0 

0.2477 

0 


-.3657 

.050 

.2958 

.3381 


-.3884 

.140 

.3527 

.7939 


-.360 

.2448 

.4001 

1.224 


-.30 

.3182 

.4262 

1.493 


-.14 

.4166 

.4554 

1.830 


0 

.470 

.470 

2.000 


.50 

.5806 

.4948 

2.347 


2.00 

.7381 

..5203 

2.837 

-0.8 

-0.10 

-0.0686 

0.0447 

-2.456 


-.2685 

-.050 

.1829 

-.4374 


-.3088 

0 

.2261 

0 


-.325 

.0493 

.2545 

.3100 


-.3285 

.0693 

.2644 

.4194 


-.3285 

.110 

.2818 

.6245 


-.325 

.1354 

.2913 

.7438 


-.30 

.2086 

.3155 

1.058 


-.14 

.3841 

-.359 

1.712 


0 

.470 

.376 

2.000 


.50 

.6547 

.403 

2.599 


1.50 

.8689 

.4261 

3.263 


2.00 

.9480 

.4331 

3.502 

-0.4 

-0.235 

-0.050 

0.0447 

-0.8949 


-.246 

0 

.1249 

0 


-.2483 

.050 

.1360 

.2941 


-.24 

.1064 

.1474 

.5775 


-.20 

.2183 

.1626 

1.074 


0 

.470 

.188 

2.000 


.50 

.7947 

.209 

3.042 


2.00 

1.3329 

.2304 

4.628 

0 

-0.1947 

-0.050 

0 

a 


-.1988 

0 

0 

0 


-.16 

.1905 

0 

.9480 


0 

.470 

0 

2.000 


.50 

.9277 

0 

3.436 


1.00 

1.2326 

0 

4.317 


1.60 

1.5213 

0 

5.122 


2.00 

1.6870 

0 

5.565 

1.0 

-0.10 

-0.1613 

-0.2076 

-1.554 


-.1305 

-.050 

-.3139 

-.3186 


-.1295 

0 

-.3388 

0 


-.10 

.1805 

-.4033 

.8956 


0 

.470 

-.470 

2.000 


.30 

.9829 

-.5457 

3.602 


.50 

1.2351 

-.5725 

4.315 


1.00 

1.7368 

-.6154 

5.644 


1.50 

2.1402 

-.6425 

6.662 


2.00 

2.4878 

-.661 

7.527 


a 


This value was not calculated 
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Figure 1. - Family of solutions for adverse pressure gradient. = -0.8. 
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Figure 4. - Enthalpy function representation in velocity plane. (* denotes lower- branch solutions.) 
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Pressure- gradient parameter, p 
(a) Favorable and adverse pressure gradients. 


Figure 6. - Effect of pressure gradient on ;;all shear. 



Shear function at wall 
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(b) Adverse pressure-gradient region. 

Figure 6. - Concluded. Effect of pressure gradient on wall shear. 
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(a) = -1.0. 
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(c) = -0.4. 


Figure 7. - Stagnation enthalpy gradient across 
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(b) S^= -0.8. 



n 

(d) S„ = 1.0. 
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hdary layer. (* denotes lower- branch solutions.) 
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Pressure-gradient parameter, P 

Figure 8. - Variation of heat transfer with pressure gradient. 




Figure 9 . 


Variation of 



with pressure gradient. 
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Pressure-gradient parameter, B 

Figure 10. - Variation of Reynolds analogy parameter with pressure gradient. 
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